OILS 


COMMON. COMMODITIES 
AND INDUSTRIES ‘SERIES 





Each book in crown 8vao, cloth, with 
many illustrations, charts, etc., 2/6 net 





TEA, By A. Insxrson 
OOFFEE, By B. B. Krantz 
SUGAR. By Gro. Martineau, C.B. 


OILS. By C. Ainsworrn MitTcHELL, 
B.A., F.LC. 


WHEAT, By Anprew MILLAR 


RUBBER. By C. Brave and H. P. 
Srevens, M.A., Ph.D., F.C. 


TRON AND STEEL. By C. Hoop 
COPPER. By H. K. Picarp 


COAL. By Francis H. Wrzson, 
M.Inst., M.E. 


TIMBER. By W. Buttock 
OOTTON. By R. J. Peaks 
SILK. By Lurnzer Hooper 
WOOL. By J. A. Hunrer 
LINEN. By Aurrep S, Moore 
TOBACOO, By A. E. Tanner 
LEATHER. By K. J. Apcocx 


KNITTED FABRICS. By J. Cuam- 
BERLAIN and J. H. QuiLTER 


OLAYS. By Avrrep B. Scarier 
PAPER. By Harry A, Mappox 
SOAP. By Mears A. Simmons, 
B.So. (Lond.), F.C.S 


UINDUSTRY. 


MOTOR By 
Horace Wyart, B.A. 


GLASS AND GLASS MAKING. By | THE 


Perciva, Marson 
GUMS AND 8 By E. j. 
Parry, B.Sc., F.LC,, F.C.S. * 


THE BOOT AND SHOE INDUSTRY. 
By J. S. Harpine 


GAS AND GAS MAKING. 
W. H. Y. Wenser 


FURNITURE. By H. E. Binsteap 
OOAL TAR. By A. R. Wagnzs 


PETROLEUM. By A. Lincerr 
BALT. By A. F. Caveat 
1 By T. E. Lonzs, M.A., LL.D., 


PHOTOGRAPHY. By Wa. GamBLe 


By 


SBESTO By <A. Laronarp 
SUMMERS 
SILVER. By Benjamin Wartz 


CARPETS. By Recinaty S Barwron 

VARNISHES, By 

A. S. JENNINGS 

CORDAGE AND 
FIBRE: 


and P. Kitcour 
ACIDS AND ALKALIS, ‘fiy ¢. H. J. 
ADLAM 
ae By R. E, Neate, 


ALUMINIOM. 
MorTIMER 


‘QOLD. By BENJAMIN Wurre. 


CORDAGE HEMP 
By T. WoonnoussE 


By Captain G. 
AND OHEESE. By C. 
W. Wa.xer-TispaLe and ean 
Jones. 
CORN TRADE. By 
A. BARKER. 
LEAD. By Dz. J. A. Suyrtux. 
AND QUARRIES. By J. 
ALLAN Howe. 
ENGRAVING. By T. Ww. Lasce..es. 


i ae anes ecs 
OTHERS IN PREPARATION 


Messrs. WW". Ransom & Co,, Hitchin 


BOE a ital 


eo 
ix) 
A 
A 
jx 
> 
< 
4 
O 
7, 
F 
1) 
we) 


on of 


2 
& 


By permiss 





PITMAN’S COMMON COMMODITIES 
AND INDUSTRIES 


OILS 


ANIMAL, VEGETABLE, ESSENTIAL, AND 
MINERAL 


BY 


C. AINSWORTH MITCHELL 


Lonpon: Srr Isaac Pitman & Sons, Ltp. 
Batu, MELBOURNE AND NEw YorK. 


PrinTED By Sir IsAAc PITMAN 
& Sons, Lrp., Lonpon, Batu, 
MELBOURNE AND NEw YORK 


PREFATORY NOTE TO THE 
SECOND EDITION | 


THE principal advances in the oil industries during the 
last five years have been the development of the manu- 
facture of hardened fats from oils, and the production 
of a petroleum spirit by the compression of natural gas. 

An outline of the processes involved in_ these 
developments has been given. 

The table of imports and exports of oils and fats has 
also been extended so as to include the most recent 
returns published by the Board of Trade. 


C. A.M. 
January, 1916. 


PREFACE 


In the following pages I have endeavoured to tell in 
language free from technicalities the story of the origin, 
methods of preparation, and uses of that immense class 
of commercial products to which the name of “oil ”’ 
may be applied. 

It will readily be understood that the ground to be 
covered was so extensive, that it was necessary to dwell 
chiefly upon the most typical products in each class, 
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and to make little or no mention of some of the less 
common substances, :such as the little known vegetable 
fats from Central Africa, which have as yet chiefly a 
scientific interest. 

With regard to the section on Essential Oils my best 
thanks are due to Mr. E. Parry, F.I.C. for permission 
to make use of certain details of information given in 
his standard work on the subject ; and also to Messrs. 
Schimmel and Co., the well-known distillers of volatile 
oils, for their kindness in lending illustrations of their 
rose fields and distillation plant near Leipsic. 

In writing the section upon Mineral Oils it was neces- 
sary to consult numerous scientific publications and 
works upon the subject, and in particular I should like 
to acknowledge my indebtedness for information upon 
historical and manufacturing details to the writers of 
the following books :—Petroleum and its Production, by 
Sir B. Redwood ; Treatise on Mineral Otls, by Mr. J. J. 
Redwood; Le Pétrole, by M. de Fonvielle; The Story 
of Oil, by Dr. Tower ; and The Technology of Petroleum, 
by MM. Neuburger and Noalhat. 

The illustrations in this part of the book are specially 
reproduced from photographs kindly supplied by the 
Baku Russian Petroleum Oil Company, to whom also 
I tender my thanks. 


C. AINSWORTH MITCHELL. 


Wuite CorraGs, 
AMERSHAM COMMON, 
Bucks. 
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OILS 


PART I 
FIXED OILS, FATS AND WAXES 


Nature of Fixed Oils.—The term “fixed oil’’ is 
employed as a convenient description for distinguishing 
between ordinary vegetable and animal oils and fats, 
and the volatile mineral and essential oils. Strictly 
speaking there is no sharp distinction between fats and 
oils, the former being reduced to an oily condition by 
heating and the latter converted into solid fats when 
sufficiently chilled. 

Apart from this, they are for the most part of similar 
chemical composition, consisting in the main of com- 
pounds of glycerin with various acids known as “fatty 
acids’’ from the fact that they were first isolated from fats. 

Thus, for example, lard consists of compounds of 
glycerin (known as glycerides) with solid fatty acids 
(stearic acid, palmitic acid), and with a smaller propor- 
tion of liquid fatty acids (oleic and linolic acids). In 
tallow, there is a larger proportion of the hard stearic 
acid, less palmitic acid, and still less of the liquid fatty 
acids. Again, in the case of olive oil, the chief consti- 
tuent is the liquid fatty acid, oleic acid, whilst the solid 
fatty acids are only present to a relatively small extent. 
In other oils, other liquid fatty acids such as linolic and 
linolenic acids are present, while in other solid fats, 
especially those of the vegetable kingdom, glycerides of 
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other solid fatty acids are important constituents. The 
waxes, of which beeswax may be regarded as typical, 
differ from the ordinary oils and fats, in consisting of 
compounds of various fatty acids, with alcqhols other 
than glycerin. 

It is chiefly by means of the separation and properties 
of these various fatty acids and their compounds that 
it is possible to distinguish between different oils and 
fats. 

The fixed oils and fats have many properties in com- 
mon. Thus, they cannot be evaporated (like essential 
oils) at the ordinary atmospheric pressure without 
decomposition, and when heated they do not give off 
inflammable vapours until a temperature sufficient to 
decompose them is reached. 

Saponification.—When boiled with a solution of potash 
or soda, oils and fats are slowly decomposed or saponi- 
fied, and form soaps, the nature of which will depend 
upon the alkali used and the kind of oil or fat. For 
instance, a very hard soap is obtained from tallow and 
from earthnut oil, whereas cocoanut fat yields a soft 
soap, which is readily soluble even in hard waters, and 
is therefore used as the basis of the so-called ‘‘ marine 
soaps,’ which will give a lather with sea-water. 

Drying Properties.—Vegetable oils differ to a pro- 
nounced extent from one another in the manner in which 
they form a dry skin when exposed to the air in a thin 
film, these differences depending chiefly upon the 
nature of the fatty acids. Thus, linseed oil dries very 
rapidly and is therefore regarded as the type of drying 
otls ; cotton seed does eventually form a dry film, but. 
the process is so slow that, together with oils of similar 
drying capacity, it is classified in a group termed semt#- 
drying otls; whilst the third class, or non-drying otls, 
belong to those, which, like olive and almond oils, 
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remain practically aiaitered in consistency after long 
exposure to the air. 

Some of the animal products also possess drying 
properties, and this is particularly the case with the ail 
of certain wild birds such as the blackcock. 

Classification.—The vegetable oils may be considered 
under the following groups based upon the foregoing 
differences : (1) Non-drying oils ; (2) Semi-drying oils ; 
(3) Drying oils; (4) Vegetable fats. The animal oils 
and fats, again, are conveniently classified in the 
following groups: (1) Solid body fats (tallow and lard 
group); (2) Milk fats (butters); (3) Animal oils; (4) 
Fish and marine animal oils. The waxes (animal and 
vegetable) form a third main group. Naturally, as in 
all classifications of natural products, these groups 
overlap, and certain oils might be placed equally well in 
more than one group. 


I. VEGETABLE OILS 


Extraction.—The methods of separating the oils from 
seeds or fruits depend partly upon the size, hardness 
and other properties of the fruit, etc., and partly upon 
the consistency of the oil and the uses for which it is 
intended. 

The different methods used for the sepaeseibn depends 
upon (1) Expression, in which the seeds are crushed 
and oil expressed ; and (2) Extraction, in which the oil 
is dissolved out by means of a suitable solvent which is 
subsequently evaporated, leaving the extracted oil as a 
residue. 

Expression.—The methods of expression range from . 
the primitive hand presses used by the natives in West 
Africa, India and elsewhere, to the modern highly 
effective apparatus now employed for the expression of 
the oil from the seeds of the cotton plant (see p. 16). 
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Other machines are employed in preparing the crude 
material for extraction or expression. Thus cotton seed 
and earth nuts need decorticating, while linseed and 
rape-seed need screening and cleaning, ‘and cocoanuts 
are broken up in a special disintegrating apparatus. 
Prior to pressing, large seeds or bulky material are 
ground up in what is known as an “ edge-runner ” Seed 
mill, in which two vertical stones are made to revolve in 
a circular trough. The material is then transferred to 
seed crushers, containing one or more series of rollers, 
which may be grooved (for palm kernels or earthnuts) 
or smooth for breaking up linseed seed or cocoanut pulp 
(coprah). In the case of small seeds the preliminary 
grinding is unnecessary. The material, thus reduced 
to a pulp or meal, is next heated in large cylinders known 
as ‘‘ kettles,” through which pass steam pipes, and is 
then delivered to the press. Or in the case of certain 
substances rich in oil this heating may be omitted, since 
the oil-cells can be ruptured without the aid of heat. 
The seed-meal, with or without previous heating, is 
received in press-cloths, consisting of closely-woven 
cotton cloth, enveloped in horsehair cloths, and is 
subjected to a preliminary squeezing to mould it into 
“cakes.” These, still wrapped in the cloths, are next 
packed between the pressing plates of a hydraulic press 
and submitted to heavy pressure, so that the oil exudes, 
and passes by way of grooves or holes in the plates to 
the bottom of the press, whence it can be drawn off into 
suitable tanks placed at a lower level. As a rule, the 
pressing is repeated once or twice, the material being first 
broken up each time in a cake-breaking machine or in 
the edge-runner mill. 

In certain types of presses circular iron boxes, the 
inner lining of which is perforated with holes, take the 
place of the plates and cloths, and these have the 
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advantage of giving a more uniform pressure to the 
material, and consequently a larger yield of oil. 

Oil of the first pressing is superior to that obtained 
in the second and third pressings, the latter containing 
a larger proportion of substances other than oil. 

Extraction of Oil.—The chief solvents employed in 
extracting oil are petroleum spirit, carbon bisulphide, 
and, more recently, carbon tetrachloride. The first is 
dangerous to use owing to its great inflammability, while 
the fumes of carbon bisulphide are naus:ous and poison- 
ous. Carbon tetrachloride is also dangerous to breathe, 
but if proper precautions are taken to prevent the 
escape of the vapour, is the least objectionable of the 
three. 

In extracting the oil the finely divided meal is intro- 
duced into a vessel which is tightly closed down, while 
a current of the solvent is made to percolate through its 
contents. When this has become charged with the oil 
it is drawn off, and the material treated with a fresh 
quantity of solvent, until it is completely exhausted. 

Frequently the extraction vessels are placed so as 
to form a battery, and the solvent passes through them 
successively, becoming more and more charged with oil 
on its way; and in some apparatus the extraction is 
accelerated by the use of steam pipes. Finally, the 
solvent, with the oil in solution, passes into a vessel 
heated by steam, in which the solvent is evaporated, 
leaving a residue of the extracted oil. The solvent 
expelled from the oil is condensed and returned to the 
storage tank to be used again. 

The use for which the oil is intended largely deter- 
mines whether it shall be extracted or expressed. In 
the case of edible oils, such as olive, sesame, maize and 
earthnut oils, expression is necessary, since it yields a 
purer product than extraction. It is also advisable to 
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separate the oil by expression, where it is desired to use 
the expressed oil-cake as a feeding-stuff for cattle. On 
the other hand, the extraction process yields a larger 
proportion of oil, which is also freer from mucilaginous 
and other foreign bodies. 

Refining of Oils.—Whether obtained by expression 
or by extraction the crude oil requires refining before 
it can be put upon the market. It invariably contains 
water, gummy albuminous substances, and resinous and 
colouring matters, some being in a state of suspension 
and others dissolved in the oil. 

The oil is, therefore, filtered (in some cases after being 
heated) to separate, as far as possible, all insoluble 
impurities. Numerous filter-presses are employed for 
this purpose, some of which are based upon the creation 
of a partial vacuum, and others upon the use of centrifugal 
filtration. 

Chemical purification is also used in the case of many 
oils: thus, rape (colza), linseed (and also certain fish 
‘ oils) are frequently clarified by treatment with dilute 
sulphuric acid, but the process is objectionable for oils 
intended for lubricating purposes. 

Other oils, notably cotton-seed oil, are refined by 
treatment with solutions of alkali, which have the effect 
of coagulating and precipitating mucus and albuminous 
substances, leaving a clear supernatant layer of oil. 
These processes have also the advantage of neutralising 
any free fatty acids present in the oil. 

The “ foots ”’ or residue separated from oils containing 
albuminous and resinous matters is generally worked up, 
in admixture with other materials, into coarse soaps. 

The colouring matters of oils and fats are usually due 
to the presence of organic substances such as chlorophyll, 
etc. In some cases the oil can be rendered lighter by 
treatment with animal charcoal and filtration, whilst 
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in other cases (beeswax, palm oil) the material is bleached 
by exposure to the sun, or by treatment with chemicals 
such as hydrogen peroxide, ozone, or potassium 
bichromate. 

More recently, methods of bleaching by exposing the 
oil in thin films to the action of rays from an electric 
arc light or the ultra-violet rays of a mercury vapour 
lamp have been used. 

Special chemical processes are also employed for 
deodorising oils and fats, and especially cocoanut oil, 
which in its deodorised form is the basis of most of the 
so-called ‘‘ vegetable lards.”” In one of the most widely 
employed processes the cocoanut oil is treated with 
alcohol and animal charcoal to obtain an inodorous and 
perfectly winte product, which is sold under various 
descriptive names. 


Non-DrYING OILS 


Olive Oil.—Various species of olives are cultivated for 
the sake of the oil contained in the pulp of the fruit, but 
the oils differ but slightly from one another in their 
chemical and physical characteristics, though their 
qualities and flavour vary. 

In addition to Olea europea, several varieties of which 
are grown in Southern Europe, and have been acclima- 
tised in various localities in America and Australia, there 
are also other oil-producing species (O. ferruginea and 
O. capensis), which are utilised in Asia and South Africa. 

The degree of ripeness of the olive has a considerable 
influence on the flavour of the oil, and in order to obtain 
the finest product it is essential to press the fruit as soon 
as possible after picking. 

The methods of obtaining the oil vary in different 
districts, and in some cases the stones are ground up and 
expressed with the fruit. Although the oil from the 
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fresh kernel closely resembles the pulp oil, the latter 
is considered to have a better flavour than the oil from 
the whole fruit and is sold at a higher price. 

The crushed pulp or “marc” is usually packed in 
baskets of esparto grass bound with horsehair bands, 
which are then introduced into a press, each layer being 
separated from the next by perforated wooden or metal 
plates. . 

The oil obtained by the first expression is known as 
‘virgin oil,’ and fetches the highest price, while the 
oils obtained by the second expression and by extraction 
of the residue with solvents is less pure and is frequently 
used as a lamp oil or for lubricating purposes. 

The crude oil is sprayed to remove mechanical impur- 
ities and to precipitate albuminous matters, after which 
it is run into tanks, and the clear liquid subsequently 
decanted and filtered. 

The best grades of olive oil are of a golden colour and 
have an odour of the fruit. The second quality, also, 
known as “ table oil,’ is not so bland in flavour or 
aroma, while the oil subsequently extracted goes by the 
name of “ordinary” or ‘‘common” oil, and has a 
greener colour and a sharper and bitter taste. 

When exposed to cold, olive oil throws down, a white 
deposit of ‘‘stearine,” or solid fat. In the so-called 
‘winter oils ” this is partially removed, so that the oils 
will remain liquid, whereas the untreated oils, which 
only remain clear when kept in a warm place, are known 
as ‘‘ summer oils.” 

The finest grades of oil are derived from Italy and the 
South of France, and have a considerably higher market 
value than Spanish, Algerian, or Tunisian oils. 

Olive oil is extensively adulterated, the chief sub- 
stances employed for the purpose being cotton-seed oil, 
sesame oil and earthnut oil. 
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Almond Oil.—This oil is expressed from the kernels 
of the sweet or bitter almond, which contain from 40 to 
55 per cent. thereof. There is practically no difference 
between the characteristics of the oil from either source. 

It is a pale yellow liquid with a bland taste, and is very 
fluid ; so much so that it can be chilled far below the 
freezing point of water without solidifying. 

It is principally used for pharmaceutical purposes, 
and owing to its high price is liable to be adulterated 
with cheaper oils, and especially with the closely similar. 
oils derived from the kernels of the peach, apricot and 
plum. 

Earthnut or Arachis Oil.—The seeds of the earthnut 
(or monkey nut), Arachis hypogea, yield, on expression, 
from 30 to 50 per cent. of oil, and the plant is exten- 
sively grown for this purpose in Virginia, South America, 
Africa and India. 

The nuts are largely exported, and the oil expressed 
in Europe, the chief centre of the industry being 
Marseilles, where an immense quantity of African nuts 
are treated. The nuts, after being shelled and cleaned 
by machinery, are freed from the husks by means of the 
blast of a fan, and are then packed in cloths for the press. 

_ The cold-pressed oil is pale yellow, and is widely 
employed, under the name of “salad oil,’’ as a cheap 
substitute for olive oil. The oil subsequently obtained 
by hot-pressing is of poorer quality, and is mainly used 
for lubricating purposes and in the manufacture of 
Castile soap. : 

Both grades have the characteristic odour of the nuts. 
When exposed to cold, earthnut oil readily solidifies into 
a dense white mass. 

The residue obtained in the expression of the oil is 
a valuable seed-cake, which is used for feeding cattle. 

Tea-seed Oil.—This oil, expressed in China and Japan 
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from the seeds of Camellia sasanqua or Camellia 
oleifera, is a light yellow liquid used locally in the 
manufacture of soap, as an illuminant, and for cooking. 

Castor Oil.—The seeds of the castor oil plant, Ricinus 
communis, yield about 50 per cent. of oil. The plant is 
extensively cultivated in every continent, ‘though the 
bulk of the world’s supply is derived from India, which 
produces annually some 70,000 tons of seeds, and exports 
upwards of two million gallons of oil. 

The product obtained by cold expression of the seeds 
is preferred for medicinal purposes. The fresh seeds, 
after being freed from dirt and foreign matter, are 
crushed between rollers and then wrapped in cloths 
and lightly compressed into the form of bricks. These 
are pressed between the perforated plates of a hydraulic 
press, and the oil collected in vessels placed beneath. 

The crude oil thus obtained is purified by the addition 
of water, which is subsequently evaporated by boiling. 
In this process the albuminous matters coagulate and 
the mucilage subsides, so that a pure oil may then easily 
be obtained by filtration. 

Purified castor oil is of a pale straw colour, and remains 
liquid when cooled far below the freezing point of water. 
It differs from most dther oils in being very soluble in 
alcohol. i 

In addition to its uses in medicine, castor oil is exten- 
sively employed in the manufacture of the Turkey-red ol 
required in thé dyeing and printing of cotton goods. 
The alizarine dyestuffs have to be dissolved in a suitable 
solvent that will also penetrate the fibres of the fabric. 
Formerly olive oil was used for this purpose, but its place 
is now taken by the ‘‘ Turkey-red oil’’ prepared by 
treating castor-oil with sulphuric acid under suitable 
conditions. 

Curcas Oil, derived from the seeds of the “ physic 
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tree’ (Jatropha curcas), has wany points of resemblance 
with castor oil. The plant is cultivated in the Portu- 
guese Coloniés, and the oil is expressed in Lisbon. It 
is used as a lubricant, as a lamp oil and in the 
manufacture of soap and candles. 

Rape Oils.—The term “rape” or “ colza”’ oil is used 
indiscriminately in this country for the oils obtained from 
the seeds of a number of plants belonging to the Cruct- 
ferae, but on the Continent a distinction is drawn 
between the products derived from different species of 
Brasstca. Thus, in Germany, the name colza oil is 
restricted to the oil expressed from the seeds of B. cam- 
pestris, var. rapus, while that derived from the seeds of 
Brassica vapa goes by the name of “ Riibsen oil,” and 
the product of B. campesiris, var. napus, is known as 
‘Raps ”’ oil. 

The seeds of the three plants are very similar in shape 
and colour, but, as a rule, colza seeds are larger, and yield 
a higher proportion of oil. 

Rape seed is extensively grown in France, Belgium, 
Germany, Hungary and Russia ; also in China and India. 

In Europe a commercial distinction is made between 
“‘ summer rape,” which is sown in the spring and gathered 
five months ‘later, and “ winter rape,’’ sown in the 
autumn and gathered the following year. The ‘ winter 
oils” are usually regarded as the better products. 

The oil is separated by the general methods of expres- 
sion and extraction already described, and the residual 
seed-cake is valuable as a feeding stuff, or (in the case 
of extracted matter) for manure. 

The crude oil is dark brown in colour, but is refined 
to a light yellow liquid with a harsh taste. It is used 
in large quantities as an illuminating oil. Among the 
substances employed to adulterate it mention may be 
made of linseed, cotton seed, fish, mineral and resin oils. 
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The oils from the seeds of Eruca sativa and Indian 
mustard seed (Brassica juncea), which are used in India 
as edible oils and for burning, etc., are ae allied to 
the rape oils. 


SEMI-DRYING OILS 


Cotton-seed Oil.—This oil is a typical representative 
. of the semi-drying class, which dry too slowly to be of 
- use in paints and varnishes, and yet, possessing consider- 
able drying powers, are unsuitable for lubricating 
machinery. It is used, however, in immense quantities 
as a cheap salad oil, as a substitute for lard in cooking, 
and in the manufacture of oleo-margarine, while the 
poorer qualities are made into soap. 

By far the largest proportion of the cotton-seed oil 
of commerce is produced in the United States, and the 
machinery for treating the seed so as to obtain the 
greatest yield of oil in an economical manner has there 
been brought to a high pitch of perfection. 

As the seed is ginned it is removed to the factories, 
some of which have mills capable of dealing with 200 
tons of seed in a day. The seed is first conveyed by 
means of elevators to the storage at the top of the build- 
ing, whence it can be distributed by means of screw 
conveyors. 

Before being expressed, it is passed through revolving 
perforated screens, which retain fragments of stalk, 
stones, sand, and other impurities, and is next conveyed 
to the “linters,” in which the short lint, that would 
otherwise absorb some of the oil, is removed. The seed 
thus cleaned is shelled in ‘ hullers,’’ which consist of an 
outer cylinder and an inner drum, both of which are set 
with knives that rapidly revglve, and the husks or hulls 
are separated from the kernels by the action of an 
oscillating separator or “‘ shaker.” 
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The kernels, technically known as the “ meats,” .are 
now ready for crushing between iron rollers, after which 
process they are heated in steam-jacketed kettles, and 
shaped into cakes in a press termed the “ former.”’ 
These cakes are wrapped in hair cloths and subjected 
in hydraulic presses to a pressure of 3,000 to 4,000 lbs. 
to the square inch. . 

The crude oil is pumped into settling tanks, where the 
impurities subside as ‘“ foots,’ while the clear super- 
natant liquid is drawn off above and further purified 
as described in a previous page. 

The residual oil-cake is a valuable product and is used 
in the United States and exported in large quantities 
as a food for cattle. 

When chilled, cotton seed oil yields a considerable 
amount of a solid deposit of fat, known commercially 
as ‘‘ cotton-seed stearine,’’ and sometimes used as an 
adulterant of lard. Cotton-seed oil itself is also 
frequently employed to adulterate olive oil. 

Sesame Oil.—This oil, also known as Gingelly oil, is 
expressed from the small flat seeds of Sesamum indicum, 
the yield being about 50 per cent. The plant has been 
cultivated in the East since a remote period, and is still 
produced in large quantities in India, Egypt, China and 
Siam, It is also grown in South Africa, in the United 
States and in many tropical countries. 

The great centre of the sesame industry in Europe 
is Marseilles, where the greater proportion of the 
commercial oil is expressed. ~ 

The cold-drawn oil has a mild bland taste and is used 
as a salad oil and in the manufacture of margarin. 
The oil obtained by hot expression is employed as a 
lamp oil, and as a lubricanf, for which purpose, however, 
its drying properties render it unsuitable. 

Sesame oil is often used to adulterate olive oil, and is 
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itself liable to be adulterated with cotton-seed oil and 
earthnut oil. 

It contains a small proportion of a constituent known 
as sesamol, which gives a bright pink colouration with 
certain reagents. In this way it is possible to detect 
the presence of very small quantities of sesame oil in 
other oils and fats. Advantage is taken of this property 
- in Belgian and German food legislation, which prescribe 
that all margarine shall contain 10 per cent. of sesame 
oil, so that should butter be adulterated with margarine 
the fraud may be readily detected by means of the 
‘latent colour’ of the oil. 

Maize Oil.—The seeds of the maize plant, Zea mais, 
contain from 6 to 8 per cent. of oil, which is extensively 
used, especially in the United States, for food, soap 
making, and as a lamp oil. 

It has an aroma of the grain, and when freshly 
expressed it is of a pale straw colour, but gradually 
becomes yellow on exposure to the air. 

Croton Oil.—The seeds of Croton tglium, which is 
cultivated in Southern Asia and China, yield, on expres- 
sion an oil, which is employed medicinally. The 
commercial product is sometimes adulterated with 
hydrocarbons and with castor oil. 

Other semi-drying oils that find a commercial use 
are :— 

Kapok Oil, obtained from the seeds of Eriodendron 
anfractuosum, cultivated in the Dutch East Indies for 
the silky floss (sold as kapok) that envelops the seed 
capsules. The expressed oil is of a greenish-yellow 
colour, and has many points of resemblance with cotton- 
seed oil. It is used in Holland in the manufacture of 
margarine and as a soap material. 

Cameline Oil, also known as German sesame oil, 
obtained from the seeds of Camelina sativa. It is used 
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in the manufacture of soft soap and, to a tess extent, as 
food, and is also employed to adulterate rape oil. 

Madia Oil, which is expressed from the seeds of Madta 
sativa, grown in Chili. The best (cold drawn) oil is 
employed as a food, while the poorer qualities are used 
as lamp oils, and in the manufacture of soap. 

Soja Bean Oil, derived from the soja bean (Soja 
japonica, S. hispida), grown in India and Southern 
Asia. 


DRYING OILS 


Linseed Oil.—The flax plant (Linum usttatissimumt) is 
widely cultivated both for its fibre, and for the oil 
yielded by the seeds, though Russia is‘the only country 
producing both flax and linseed on a commercial scale. 
‘In Europe the plant is grown mainly for fibre, while in 
other countries, notably in the United States, Argentina, 
Uruguay and British India, the plant is grown almost 
exclusively for its seed. 

The seeds are known in two varieties, red and white, 
the oil produced by the latter being regarded as the 
better in quality. 

After being stored for some time, the seeds are 
screened and crushed, and the oil separated by hot 
expression. Some of the best grades of oil used in 
Russia as edible oils, or for light-coloured paints; are 
pressed in the cold, but hot expression is the general 
method. The crude oil is purified by filtration from 
the separated albuminous substances and mucilage. 

In the United States an extraction method, with 
naphtha as the solvent, is in common use, the naphtha 
being subsequently removed by distillation. 

Purified linseed oil varies in colour from light yellow 
to brown. The commercial product has usually an 
acrid taste and odour, soon darkens and thickens on 
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exposure to the air and absorbs oxygen to form a dry 
elastic film. 

This drying property is greatly increased by heating 
the oil in the presence of certain metallic salts (such as 
litharge), known as “ driers.” The “boiled” oil thus 
obtained is much thicker and darker than raw linseed 
oil, and dries very rapidly when exposed to the air. 

Boiled linseed oil is employed as the basis of oil paints 
and varnishes, in the manufacture of printer’s ink, and 
(in admixture with powdered cork and other materials) 
for making linoleum. 

Linseed oil is liable to be adulterated with cotton-seed 
oil and other semi-drying oils, with rosin oils, and wah 
mineral oils. 

Nut Oil.—The oil expressed from the kernels of the 
common walnut tree (Juglans regia) yield from 40 to 
45 per cent. of oil, which is usually known commercially 
as nut ol. The cold-drawn oil is employed as a food 
oil, while the hot-pressed oil is used for illuminating 
purposes, and especially a medium for white oil paints, 
for which its pale colour renders it particularly suitable. 

Poppy Oil.—This is another drying oil that is largely 
employed by artists. It is obtained from the seeds of 
the opium poppy (Papaver sommntferum), which is cul- 
tivated in Persia, Asia Minor, Egypt and India. It is 
also grown.in France and in Germany, where two 
varieties with white and black seeds are recognised. 
The fresh oil obtained by cold expression is used as a 
salad oil and in cooking, while the darker qualities 
resulting from hot expression are burned in lamps or 
made into soap. 

Poppy oil is frequently used to adulterate olive oil in 
France, and is in turn itself adulterated with sesame oil. 

Hemp-seed Oil.—The seeds of the hemp plant. 
(Cunnabis sativa) yield a greenish-yellow oil, which dries 
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well, though less rapidly than linseed oil. It is grown 
in Russia and Germany, in Egypt, in Central Asia, and 
elsewhere. It is used as a medium for oil paints and 
varnishes and in the manufacture of soft soap. 

It is also a common adulterant of linseed oil. 

Tung Oil.—The commercial oil, which has now become 
generally known in Europe, is expressed and extracted 
from the nuts of Aleurttes cordata and probably of allied 
species of plants, which are cultivated and grow wild in 
different localities in China and Japan. 

It isa pale yellow or dark brown oil with an unpleasant 
odour, which has stood in the way of its general adoption 
in the linoleum and varnish industries. : 

It dries with great rapidity and can be used for 
varnishes without preliminary “‘ boiling.’’ 

When heated and exposed to the action of light, tung 
oil suddenly undergoes a change in form and becomes 
a sticky, gelatinous mass. This “ polymerised’”’ tung 
oil is used in commerce to prevent the separation of the 
pigment from the oil in oil-paints put up in tubes. 

Candle-nut Oil derives its name from the nuts of the 
tree (Aleurites moluccana), being used by the natives of 
the South Sea Islands as candles. The tree is conmon 
in those islands, and the oil obtained from its nuts is 
used for making soft soap and as a varnish. 

Safflower Oil.—This oil, also known as saffron oil, is 
expressed or extracted from the seeds of Carthamus 
tinctortus, which is cultivated in India, Egypt, China, 
and, more recently, in South Russia. It resembles 
walnut and poppy “oils in its general characteristics. 

Sunflower Oil is a good drying oil, which is obtained 
from the seeds of the sunflower (Helianthus annuus), 
grown extensively in Russia. It is used as a food i 
for making varnishes, etc. 

Niger-seed Oil.—This is a pale yellow oil with ee 
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drying properties. It is expressed from the seeds of 
Guizotia oleifera, an annual plant cultivated to a 
considerable extent in India, Abyssinia and Egypt. 


VEGETABLE Fats 


Palm Oil and Palm,kernel Oil.—Two different fats 
are obtained from the fruit of the West African oil-palm 
(Elaets guineensts), viz.: palm oil, a yellow or red- 
coloured fat separated from the fruit pulp, and palm- 
kernel oil, a white fat expressed from the kernels of the 
seeds, 

In addition to the West‘Coast of Africa, the oil palm . 
also flourishes in Zanzibar, in Central Africa, and in the 
Philippine Islands. It grows to a height of 30 feet or 
more and produces large “’ heads,” in each of which are 
several hundred fruits. a 

In preparing the oil,'the fruits are boiled to a pulp with 
water, and the mass, after cooling, pressed by men 
treading on it ina trough. The oil rising to the surface 
is skimmed off and passed through a sieve to remove 
impurities, after which it is heated and separated from 
the water. 

As thus obtained, palm oil is a fat varying in colour 
from orange yellow to dirty red, and having a character- 
istic sweet odour and taste. In its fresh condition the 
natives use it as food, while large quantities are exported 
to Europe for the manufacture of soap and candles, 
and for use as a grease to prevent the opdeton of iron 
plates before being tinned. . 

The oil from the kernels, wHich is diss known in 
commerce as “ palm-nut oil,” is prepared by cracking 
the nuts between stones and separating the kernels. 
These are imported to Europe and expressed in hydraulic 
presses by the methods already described. —- 

Cocoanut Oil.—The cocoanut palm, which.produces 
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this important fat, flourishes in Madras and other 
districts of India, in Ceylon, in the West Indies, the 
Malay Peninsula, South America, East Africa and 
many other tropical localities. 

After removal of the outer fibrous covering, which 
yields the coir of commerce, the ripe nuts are broken, 
and the kernels either expressed locally, or cut into 
pieces, dried and exported under the name of coprah. 

Cocoanut oil is a soft white fat, which melts at a 
low temperature and has a characteristic odour and taste. 
It readily turns rancid, and various commercial processes 
of checking this tendency and of removing the odour 
have been devised. These deodorised products are sold 
under various fancy names as vegetable substitutes for 
butter: and lard. 

Cocoanut oil is a common adulterant of cow’s butter, 
which it somewhat resembles in chemical composition. 

Cacao Butter (Cocoa Butter) is derived from the seeds 
of the cacao tree (Theobroma cacao), and is obtained 
in large quantities in the manufacture of chocolate. 
It is a hard yellowish white fat having an aroma of cacao. 
It is extensively used as the fat for chocolate creams. 
It is frequently adulterated, especially with cocoanut 
oil, stearic acid, tallow and paraffin wax. 

Japan Wax is derived from the berries of Rhus 
succedanea and allied species of Rhus, which are cultivated 
in Japan. Although it resembles wax in appearance, it 
is chemically as much a fat as cocoanut oil. It is a hard, 
brittle, yellowish-brown substance, which is used as a 
substitute fer beeswax in the manufacture of furniture 
polishes, etc. 

Among other vegetable fats mention may also be 
made of the following :— 

Macassar Oil, expressed from the seeds of the Indian 
tree Schleichera trijuga, and long used as a hair restorative, 
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Kokam Butter, contained in the seeds of the plant 
Garcinta indica, which is used in India as a food and for 
making soap. 

Carapa Fat, which is a thick white fat obtained from 
the seeds of various species of Cavapa growing in India, 
Brazil and West Africa. It is used in the manufacture 
of soap. 

Shea Butter, from the seeds of Butyrospermum Parktc, 
which grows in northern tropical Africa. It also is used 
in the manufacture of soap and candles. 

Phulwara Butter, produced by Bassta butyracea, a tree 
known as the Indian “ butter tree.” 

Mahua Butter, the product of other species of Bassza, 
growing in India. 

An important use of these and similar vegetable fats 
is the preparation of cheap substitutes for cacao butter 
for the ‘‘cream”’ of chocolate creams. 


II. ANIMAL FATS AND OILS 
SoLIp Fats 


Lard.—In the preparation of lard from the fatty 
tissues of the pig the material is finely divided and 
‘rendered’ in a digester into which steam, usually 
under pressure, is introduced. In some of the large 
American factories a series of these digesters, each having 
a capacity of 10,000 to 15,000 gallons, is employed, the 
melted fat being drawn off through a perforated false. 
bottom. 

In the American trade lard is classified into various 
grades, including (1) Neutral lard, the fat from the fresh 
leaf of the pig rendered at a low temperature ; (2) leaf 
lard, from the residue of (1) rendered under pressure ; 
(3) choice lard, consisting of leaf and back fat ; (4) prime 
steam lard, the fat from the head, heart and intestines ; 
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and (5) gets, derived: from all pers of the animal} except 
the lungs and heart. 

‘There is a considerable difference in the chemical 
composition of American and European lards, the former 
being of a more fluid character. The fat from different 
parts of the same pig also varies greatly in its composition 
and characteristics. 

Lard is often adulterated with beef fat and then 
rendered sufficiently soft again by an addition of a 
vegetable oil such as cotton-seed or maize oil. 

Tallow.—The name “ tallow ”’ is given to the fat from 
many kinds of animals, but particularly the ox and 
sheep. The various grades known in comnferce are 
described under names indicative of their origin, such as 
“River Plate tallow,’ “‘ Russian tallow,” etc. As a 
rule, the Russian products are more solid and melt at 
a higher temperature than the other grades. _ 

Tallow may be adulterated with cheaper fats, such as 
cotton-oil stearine, or with non-fatty substances, such as 
paraffin wax. 

Beef Fat.—The fat of the ox varies in characteristics 
with the part of the animal whence it was taken, but 
is much more solid than lard. It forms the chief basis 
of oleo-margarine, which is made up into margarine and 
other butter substitutes. 

Margarine.—The first attempts upon a manufacturing 
scale to prepare a butter substitute from animal body 
fats, dates back to the siege of Paris, when Mége Mouries . 
devised a process of preparing it, chiefly from horse fat. 

In the modern processes the fat from beef or mutton 
suet is pressed so as to obtain a compact fat, termed 
“beef stearin,” which is largely employed in making 
artificial lard, and a semi-solid oily fat. The latter is 
churned up with fresh er sour milk and sometimes with 
* renovated ”’ butter, and coloured to imitate butter. 


BUTTERS 29 


When the beef fat is too stiff it must be thinned down 
with a vegetable oil. 

Various patents have been taken out for processes to 
imitate the characteristics of butter still more closely. 

Deer Fat.—The fat rendered from the tissue of various 
species of deer is white and hard, and is similar to tallow 
in its composition and characteristics, and is used for 
similar purposes. 

BUTTERS 


Cow’s Butter.—The only milk-fat of commercial 
importance in Europe is that prepared from the milk 
of the cow. 

Butter usually contains from about 11 to 16 per 
cent. of water; 83 to 87 per cent. of butter fat; and 
from 1 to 34 per cent. of solid substances other than 
fat (including salt, casein and milk sugar). In Irish 
butters the percentage of water is often considerably 
higher, while in preparations that have been ‘“‘ blended ”’ 
with milk it may be 25 per cent. and over. 

The characteristics of the fat vary with the breed of 
cows and with the conditions under which they are kept. 
Thus, Dutch butter frequently has an abnormal com- 
position, which suggests adulteration with body fats or 
vegetable fats. This has been found to be principally 
due to leaving the cows too long in the fields, and after 
stalling the animals the butter soon becomes normal. 

The nature of the food given to the animals may also 
have an influence upon the composition of the butter fat. 
For instance, cows that have been fed upon cotton-secd 
cake produce butter-fat that gives the reactions for 
cotton-seed oil. 

Butter fat differs from body fats in yielding a large 
proportion of volatile fatty acids, and the tests of the 
purity of a sample depend largely upon _ this 
characteristic. . 
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The chief adulterants of butter are cocoanut oil and 
palm oil (which also yield volatile fatty acids), and 
margarine, which is prepared from animal fats and 
vegetable oils. 

Renovated or “ process’’ butter is the commercial 
name of a product consisting of stale butter that has been 
melted down and the fat re-churned with butter-milk. 
The fraudulent sale of this product as fresh butter is not 
easily detected, and reliance has mainly to be placed 
upon the differences in their microscopical appearance 


ANIMAL OILs 


The chief animal oils of commercial importance are 
the following :— 

Neat’s-foot Oil, which is a pale yellow very fluid oil, 
derived from the “feet” (hoofs and hocks) of various 
animals (oxen, horses, sheep). It is used asa lubricant 
for clocks, watches and other delicate machinery. 

Lard Oil, which consists of the more liquid portion of 
lard, is obtained by expressing lard in bags of close 
texture, in a hydraulic press. The residual more solid 
fraction is known as “‘ lard stearine,”’ and is used in the 
manufacture of the best grades of soap. 

Tallow Oil, which is obtained from ox-tallow and 
mutton-tallow in the same way as lard oil, the solid 
residue in this case being known as “‘ tallow stearine.” 

‘Chrysalis Oil.—Oil is now extracted in large quantities 
from the chrysalis waste in the silk-producing districts 
of Japan. Itisa yellowish-red liquid with an unpleasant 
odour, and is used in the manufacture of soap. 


FisH Or~ts AND MARINE ANIMAL OILS 
The fat of fishes and of whales and other marine 
animals differs greatly in physical characteristics from 
the fat of land animals, and consists of oils which have 
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many points of chemical resemblance with linseed oil, 
although lacking the latter’s drying properties. 

Cod-liver Oil.—This oil, as its name indicates, is 
separated from the liver of the cod-fish (Gadus morrhua). 
The fresh livers are first stored in open barrels to allow 
a certain proportion of the oil to exude spontaneously, 
after which they are heated in pans surrounded by a 

_ jacket of steam. Lastly, the residual tissue is boiled 
with water and an inferior grade of oil of a brown colour 
separated. 

_ In some factories processes are used in which the 
material is kept out of contact with the air, so as to 
prevent oxidation and the development of unpleasant 
flavours. = 

In addition to the medicinal cod-liver oil, a dark brown 
product derived from old livers is sold under the name 
of ‘cod oil.” 

Cod-liver oil contains various nitrogenous compounds, 
and it is to these that its therapeutic action is probably 
due. 

Menhaden Oil is obtained from the menhaden (Alosa 
menhaden), a North American fish. The fish is first 
steamed and crushed and then gently pressed to obtain 
the best oil. The residué is nexf boiled or steamed and 
subjected to heavier pressure, which yields an oil of 
inferior quality to the first runnings, while the final 
residue is worked up into fish manure. 

Menhaden oil is chiefly employed in the currying of 
leather and in the manufacture of cheap soaps. It is 
also occasionally used as an adulterant of linseed oil. 

Sardine Oil is an important commercial product, which 
is derived from various species of Clupea. The Japanese 
oil, considerable quantities of which are expressed and 
refined in Yokohama, differs considerably from the 
European sardine oils, 


32 OILS 


All are used in the manufacture of soap and as lubri- 
cants. The solid fat which deposits from the oil on 
standing is sold as “fish wax” or “fish stearine.” 

Among other commercial oils of this class mention 
may also be made of the following :— 

Shark Oil, expressed from the livers of different species 
of shark, 

Whale Oil, derived from the blubber of different 
species of whale, and used in large quantities, especially 
in the United States, as a lubricant and for soap-making. 

Porpoise Oil, from the jaw or from the whole body of 
the porpoise, the two oils differing considerably in 
characteristics. 

Dolphin Oil, from the blubber of the dolphin. 
Many of these oils are mixed together before being sold. 


HARDENED OILS 


The principal development in the oil industry during 
the last four or five years has been the production of solid 
fats from oils. Enormous quantities of hardened oils 
are now manufactured both for food and industrial 
purposes in Europe and America. 

In brief, the process consists in making hydrogen 
combine with the unsaturated compounds in oils so 
as to form a saturated solid fat. 

Various types of apparatus are used for the purpose, 
but the principle of each is essentially the same. The 
oil is mixed ‘with a finely divided metal or metallic 
compound, such as nickel or platinum, which is dis- 
tributed over a porous medium. The mixture is heated 
in a tube or vessel through which is passed a current of 
hydrogen. The nickel or other metallic substance acts 
as a conveyor between the hydrogen and the fat. It is 
what is known as a “ catalytic agent,” and in its absence 
the hydrogen would not combine with the oil. 
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In this way it is possible.to transform an evil-smelling 
fish oil into a white odourless fat,, with a consistency 
ranging from that of soft lard to that of a hard tallow, 
according to the duration of the hydrogenation. 

Some idea of the extent of the new industry may be 
gained from the fact that in 1912 the world’s supply of 
whale oil was estimated at 1,200,000 barrels (about 
42,000 tons) more than half of which was derived from 
Norway. Nearly the whole of this whale oil is now 
hydrogenated into solid fat, which is used in the 
manufacture of soap. 

Large factories for hardening oils have been established 
in this country, in France (notably at Marseilles), in 
Germany, and in the United States. 

The most important German works are the Bremen- 
Besigheimer Oelfabriken, where only the best oils are 
hydrogenated to produce edible fats which are sold 
under the name of Brebesol, and the Germania works 
at Emmerich, where whale and fish oils are hardened 
into the technical products, candeltte and talgol. 

According to the Customs returns for 1913, the 
amounts of crude oils imported into Bremen in that year 
were estimated at 212,000 tons, with a value of upwards 
of £2,500,000. 

Since the war the output of hardened oils in Germany 
must have shrunk to very small limits owing to the want 
of oils. The hydrogen plant in these works is reported 
to have been utilised for the production of gas for 
air-ships. 

In the United States ‘‘ compound lard ” is now made 
mainly from hydrogenated cotton-seed od. The total 
capacity of the plant for hardening oil.in Europe was 
estimated for 1914 at 1,375,000 barrels of 400 lbs., while 
the United States’ output for 1913 was approximately 
500,000 barrels. 
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Hardened oils usually contain a trace of nickel or 
other metal which has been dissolved in the process. 
Experiments have shown that about 99°8 per cent. of 
this nickel is rapidly eliminated from the system when 
the fats are eaten and no injurious effects from its 
continued use have been recorded. Care is taken that 
only the finest oils, such as refined cotton-seed, earthnut 
and maize oils, are used in the preparation of the 
hydrogenated preducts intended for food. 


Ill. WAXES 


As has been stated on a preceding page, the waxes 
differ from fats in containing, in place of glycerin, some 
other alcohol in combination with fatty acids. 

The most important members of this group are bees- 
wax, carnauba wax, wool fat, spermaceti, and sperm 
oil, which notwithstanding its oily natures is chemically 
just as much a wax as beeswax. 

Beeswax.—This familiar product is prepared by melt- 
ing the wax, after separation of the honey, and casting 
it into blocks, which are sold as “ virgin wax.” 

For certain purposes bleaching is required, and this 
is effected either by exposing the wax, cut into thin 
strips, to the action of the sun, or by means of chemical 
agents, such as potassium bichromate and sulphuric acid. 

Considering the diversity of its origin beeswax shows 
remarkable constancy in its chemical composition, 
though Indian and Chinese waxes differ in many respects 
from the European products. 

Beeswax is frequently adulterated, and especially 
with stearic acid, carnauba wax, and paraffin wax. 

Carnauba Wax.—This consists of a deposit which 
exudes from the leaves of the wax palm (Copernscta 
certferva), a tree growing in Brazil and other parts of 
South America. 
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It is a dirty greenish-grey wax-like solid, which is 
used in the manufacture of wax candles and floor 
polishes, and is also a common adulterant of beeswax. 

Wool Fat.—This consists of the fat deposited in 
perspiration on the fleece of sheep. It is extracted 
either by washing the fleece with soap, or, as ‘is 
more usual on the Continent, by means of a solvent, 
which is subsequently evaporated. The ‘‘ wool grease’”’ 
thus separated is generally purified by distillation with 
superheated steam, and when formed into an emulsion 
with water is sold under the name of “ lanoline.” 

Wool fat has a very complicated chemical composi- 
tion, but is much more akin to the waxes than the true 
fats, although it contains certain glycerides. 

Sperm Oil.—This liquid wax is obtained from the 
blubber or from the contents of the cranial cavity of the 
Cachalot whale, the latter product differing in many 
respects from the former. 

It is a pale yellow oil, which is ‘nearly odourless when 
expressed from fresh material. Itis a valuable lubricant, 
since it shows no tendency to become viscid on exposure 
to the air. It is sometimes adulterated with low-grade 
fish liver oils. 

Arctic Sperm Oil, also sold as Bottlenose otl, is obtained 
from the bottlenose whale (Hyperdodon rostratus), and 
resembles ordinary sperm oil in its chemical and physical 
characteristics. It is used as a lubricant. 

Spermaceti.—This is a white wax, which 1s obtained 
from the ‘“‘ head matter ’’ of the Cachalot whale, and is 
also deposited when sperm oil is allowed to stand. 

Analogous deposits are obtained from the blubber 
oils of various cetacea, from which they are separated 
by gentle pressure in hair cloths. 

Spermaceti is liable to be adulterated with hard 
tallows, animal waxes, and paraffin wax. 


PART IT 
ESSENTIAL OILS 


Nature of Essential Oils.—The term ‘essential oil ’ 
is used as a convenient group-name for a class of volatile 
substances occurring in various parts of plants. It isa 
survival from the days of alchemy, when every substance 
was supposed to contain some essence or active volatile 
principle to which it owed its characteristic properties. 
Now the name is restricted to scent-bearing oily products 
of vegetable origin, most of which may be distilled without 
decomposition at the ordinary atmospheric pressure. 

It is to these oils that flowers owe their scent, and 
spices their fragrance, and an aromatic plant, such as 
cinnamon, for instance, may be completely freed from 
its distinctive odour and flavour by extracting its 
essential oil. The aroma will then be concentrated in 
the separated oil, whilst the residual plant-structure 
will be devoid of the original taste or smell. 

Distribution in the Plant.—Essential oils are secreted 
in different parts of the plant. In scented flowers, such 
as the rose, they are chiefly concentrated in the petals 
of the flower; whereas in spice-producing plants the 
chief deposit may occur in the leaves and bark, as in 
the case of cinnamon, or in the fruit (nutmeg); while 
In some cases (é.g., in certain kinds of pine tree) the 
essential oil may:be distributed in varying proportions 
throughout all: parts of the plant. 

The part played by essential oils in the life-history of 
the plant is obscure, though doubtless in the case of 
unfertilised blossoms the scent attracts the insects 
carrying the fertilising pollen. 
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Some light is also thrown upon this point by recent 
experiments made in France to determine the relative 
distribution of oil in different parts of perennial plants 
at various stages of their growth. In the case of worm- 
wood (Artemisia absinthta) it was found that at an early 
period the roots were free from oil, and that the leaves 
‘contained more oil than the stem. The proportion of 
oil in the whole plant then steadily increased up to the 
flowering period, when the leaves contained twice their 
former proportion. In the later stages of flowering the 
proportion of oil in the root increased, while.that in the 
other parts of the plant diminished. 

Similarly in the case of vervain (Verbena triphylla) 
the process of flowering was accompanied by destruction 
of the scent-bearing constituents, probably by an 
oxidatior process, in order to supply the energy required 
for the work of fertilisation. 

The practical application of the results of these 
experiments is that in order to obtain the best yield of 
essential oil from the leaves of such perennial plants it 
is advantageous to retard the flowering period as long 
as possible, and in any case, to distil the oil before the 
blossoming time. 

Preparation.—The earliest method of separating the 
oil from the plant by distillation was to mix the finely 
divided material with water in a copper still, and to heat 
the mixture overa fire. Thesteam passing over carried 
with it the fine particles of oil, and both were condensed 
in a suitable receiver. 

As there is considerable risk of spoiling the oil by 
over-heating in this process, it is now more usual to place 
the material in wire cages suspended within the still, 
or upon a perforated false bottom, so as to prevent all 
chance of its coming in contact with the heated bottom 
of the still. A modification of this kind is still widely 
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employed in the distillation of essential oils from flowers 
in different parts of England, and the admitted excel- 
lence of English oils shows that the process, notwith- 
standing its disadvantages, leaves little to be desired 
as regards the quality of its products. 

It is now being gradually superseded, however, by 
processes in which the still is not heated directly, but 
receives a current of steam generated in another vessel. 
The still is heated either by means of a steam jacket 
or by means of a closed steam coil. In this way the 
distillation may be effected at any desired temperature 
and pressure, and it is thus possible in the case of very 
delicate perfumes to separate the oils with less injury 
to their fragrance, by means of distillation at less than 
atmospheric pressure. 

The distillate, whichever process is” used, consists of 
a m xture of water and the essential oil. In most cases 
the latter is lighter than the water, and therefore rises 
to the surface in an oily layer, which is subsequently 
skunmed off and filtered. 

Another method of separating oils, which is only 
applicable when the substance contains a _ large 
proportion of oil, is by means of expression either by 
hand or by machinery. This method is chiefly used in 
obtaining the oil from the peel of lemons, limes, oranges, 
and similar soft material rich in essential oil. 

The fruit is cut into halves or quarters, and the 
adhering acid pulp removed. The portions of rind are 
then either squeezed against a sponge held in the right 
hand of the workman, or in the cases of halves are pressed 
against it and rotated. In this way the small cells in 
which the essential oil is secreted are broken, and as 
the oil exudes it is absorbed by the sponge. When the 
latter becomes saturated the oil is squeczed out into a 
receptacle 
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In the West Indies, where lime oil is made on a large 
scale, the portions of rind are drawn across upright brass 
needles fixed in the bottom of a bowl, or the whole fruit 
is gently rolled over the points. The oil cells are thus 
pricked by the needles, and the oil flows out and 
accumulates at the bottom of the bowl. 

The ‘“expression’’ and “pricking ”’ processes do 
not remove the whole of the oil from the rind, and the 
rest may be obtained by distillation with steam. The 
distilled products, however, are of inferior quality and 
fetch lower prices in the market. 

In addition to these, a third method is also employed, 
especially in cases where, the delicacy of a perfume is 
likely to be injured by long-continued contact with 
steam. The flowers or other parts of the plant are 
macerated with a solvent, such as alcohol or petroleum 
spirit, that will take up the essential oil. The extract 
is separated from the residual plant-substance, and the 
solvent separated from the essential oil by evaporation 
at a low temperature. 

The French process of ‘“‘ enfleurage’’ embodies a 
similar principle. The freshly-picked flowers are heated 
and stirred for several hours with a pure neutral fat, 
such as olive oil or lard, which extracts all trace of 
perfume from them. The fat is then strained off, and the 
essential oil separated from it by’extraction with alcohol, 
which, in turn, must be expelled by evaporation at as 
low a temperature as possible. 

The delicacy of the scent depends largely upon the 
length of time during which the heated oil was in contact 
with the flowers, and in the preparation of some of the 
most highly-prized perfumes the extraction of the oil 
from the flowers is, therefore, effected by means of 
cold neutral lard. The process, however, is both tedious 
and costly. 
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A method.of extraction occasionally employed in the 
preparation of the coarser kinds of perfumes consists in 
conducting a current of hot moist air through a vessel 
containing the flowers. The air, bearing with it the 
vaporised essential oil, is next passed through a 
suitable solvent, such as carbon bisulphide, which will 
retain the oil, and allow the air thus deodorised to 
escape. 

Properties.—As a rule the essential oils, obtained by 
one of the methods described, will be mobile liquids, with 
a strong refractive action upon light. Some oils, how- 
ever, such as rose oil, are semi-solid at the ordinary 
temperature, and others, again,.are solid substances 
which melt when gently heated. 

They may be colourless, or range in colour from pale 
yellow to greenish brown or dark brown. Usually they 
are inflammable and burn, like turpentine, with a smoky 
flame. The majority of essential oils are lighter than 
water, but some, of which oil of cloves and oil of cassia 
may be cited as examples, are heavier than water. 

When exposed to the air they frequently undergo 
changes, probably caused by atmospheric oxidation, 
and deteriorate in quality. Lemon oil, for instance, 
gradually loses its fresh aroma and acquires an odour 
recalling that of turpentine. 

To prevent such alterations it is necessary to keep 
essential oils in tightly-sealed vessels and in the dark. 

Volatile oils are nearly insoluble in water, but dissolve 
readily in certain solvents such as alcohol and petroleum 
spirit. 

Soluble Essences.—The commercial products sold 
under this name usually’ consist of an essential oil 
dissolved in alcohol or other solvent, or in a mixture of 
alcohol and glycerin. An aqueous liquid, such as 
lemonade, when mixed with such a preparation is able 
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to dissolve and retain in solution much more of the 
essential oil than would otherwise be possible. 

Composition.—Essential oils show as wide variations 
in their composition as in their general properties. 
Exceptionally, as in the case of winter-green oil, they 
are composed of a single chemical compound in an 
approximately pure condition, but as a rule they may 
be regarded as a blend of several constituents, which 
may be separated from one another by fractional 
distillation or other means. 

Frequently the fragrant odour of the oil is due to one 
or two only of these constituents, while the others are 
inactive in this respect. In the case of lemon oil, for 
instance, the principal odoriferous compound is a 
substance termed citral, which usually constitutes a 
little over 5 per cent. of the oil. The remaining 95 per 
cent., consisting, in the main, of hydrocarbons, called 
terpenes, apparently does not contribute to the fragrance 
of the oil. | 

Terpeneless Oils.—In the commercial preparations 
known as terpeneless otls, the inert. inodorous terpenes 
have been separated by distillation from the small 
amount of the active constituents, and the whole fra- 
grance of the original oil is thus concentrated into a 
small bulk, and intensified by the absence of the other 
compounds. 

Terpeneless-oils of lemon, orange and ginger are 
often used with advantage by mineral water manu- 
facturers, the greater initial cost being more than 
compensated by the purity of aroma and the greatei 
flavouring power. 

Influence of Climatic Conditions.—As in the case of 
most natural products the composition of essential oils 
varies considerably under the influence of external 
conditions such as soil and climate. Thus, the essential 
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oils derived from certain French plants differ to a 
marked extent in composition from those obtained from 
English plants of the same species, and the English 
varieties when grown in French soil produce an oil 
which gradually tends to approximate to the type of the 
French product. 

Apart from this, the particular variety of plant, and 
the stage of growth have also been found to have an 
influence upon the chemical composition, as well as upon 
the yield of the oil. 

Classification.—Essential oils are usually classified in 
accordance with the botanical relationships of the plants 
from which they are derived, but here they may be 
more conveniently grouped according to the commercial 
uses to which they are mainly put. 

As they are employed as perfumes, flavouring agents, 
drugs and solvents, it will be readily understood that 
the number of these products upon the market is very 
large. In the following pages, therefore, it will only 
be possible to deal with the most important and typical 
oils in each class. 

It need hardly be mentioned that as in all classifications 
of natural objects there must inevitably be overlapping, 
and that some of the oils might be placed in two or even 
in all of the groups. 
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To this group belong all those delicate flower-scents, 
chiefly obtained by the methods of enfleurage already 
described ; odoriferous oils, such as bergamot, derived 
from the peel of fruits; oils such as bay otl, from the 
leaves ; or, like orrts otl, from the roots or rhizomes ; or 
from other parts of the plant. 

The amount of oil secreted by the plants varies very 
greatly. Thus, from rose leaves only aboyt 0°02 per 
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cent. may be separated, and not more than a tenth of 
that quantity from mignonette flowers, whereas from 
cassia bark more than | per cent. of oil may be distilled, 
from lavender flowers about 14 per cent., and from 
santal wood as much as 5 or even 6 per cent. 

Rose Oil.—The most prized of all the scents won from 
flowers is the essential oil of the rose, which is also known 
commercially as ‘‘ offo”’ (a corruption of “ attar’’) of 
roses. For centuries it has been prepared in Persia and 
other Eastern countries by a primitive method of 
distillation, and has been used there as the chief scent 
in perfumery. 

At the present day Bulgaria, “‘ the rose garden of the 
world,” is the chief source of the commercial “ otto ”’ 
of rose; for although considerable quantities are dis- 
tilled in Persia, India and elsewhere, it is rarely that these 
kinds find their way to Europe. 

Otto of roses is also prepared in Algiers to a limited 
extent, and by Messrs. Schimmel & Co. from the roses 
grown in their plantations near Leipzig. 

The flower cultivated for the preparation of rose-oil 
in the Balkans is the red rose, Rosa damascena, but a 
white rose, R. alba, is often mixed with it, so as to 
obtain a product which will melt at a higher temperature, 
and thus permit of adulteration with geranium oil with 
less risk of detection by the local test of taking the 
melting point of the oil. 

In the South of France the petals of the ‘ cabbage 
rose ’’ (Rosa centifolia) are distilled to obtain the com- 
mercial ‘‘ rose water,” which consists of water or very 
dilute spirit containing a trace of rose oil in solution. 
Nearly the whole of the oil prepared in this district, 
however, with the exception of a small quantity used 
locally, is utilised in this way or in the manufacture of 
rose pomade. 


46 | OILS 


The delicacy of the perfume of the oil depends not 
only upon the variety of the rose, but also upon its being 
grown in a particular soil and climate. This explains 
why attempts to produce a good oil from Bulgarian 
roses grown under different conditions have only been 
moderately successful, in spite of greatly improved 
methods of distillation. 

The method of obtaining the oil in Bulgaria is still of a 
very primitive nature. The flowers are picked early 

—in the morning, and, except on dull days, the work ceases 
before noon, so that the petals shall not be injured by 
the heat of the sun. -They are immediately taken to the 
distilleries as the quality of the oil suffers from delay in 
distillation. During the season of 1908, for instance, the 
stills were unable to keep pace with the large consign- 
ments of rose leaves collected, and huge quantities of 
the leaves were allowed to stand in heaps, and were 
consequently spoiled. 

To remedy this drawback attempts are now being 
made to introduce modern distillation apparatus, or. 
to extract the oil by means of ether, or some other 
solvent. 

The simple stills that have long been employed for 
the purpose are copper vessels about 3 feet in height, 
taking a charge of about 20 gallons of a mixture 
of the leaves and water. These are heated over small 
brick furnaces, and the steam and vaporised rose oil pass 
from the still through a straight or spiral tube contained 
in a tub, through which runs a constant current of cold 
water. 

The successive distillates of rose water thus obtained 
are united and redistilled, until the oil is present in 
sufficient quantity to be drawn off as a layer from the 
surface of the water. About 3,000 lbs. of rose leaves 
are required to obtain 1 1b. of rose oil. 
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“Otto” of roses is almost systematically adulterated, 
especially with the cheaper geranium oil, and it is 
sometimes by no means an easy task to detect the fraud, 
owing to natural variations in the chemical composition 
of the genuine product. In doubtful cases; reliance 
has often to be placed upon the judgment of the trained 
specialist, who bases his conclusions as to the purity 
of a sample upon its odour. 

Geranium Oil.—This finely-scented oil is prepared 
from the green leaves of several species of Pelargonium, 
which are cultivated for the purpose in Spain, Algiers, 
Italy and the South of France. 

As a rule the whole of the plant is distilled, and 
occasionally rose petals are also introduced into the still 
to inten§ify the natural rose-like ‘odour of the product. 
The resulting distillate from such mixtures has a fine 
odour, and is sold as “ rose-geranium ”’ oil. 

Geranium oil is widely employed in perfumery either 
by itself or when blended with other oils. It is some- 
times used to adulterate ‘‘ otto”’ of roses, although the 
so-called geranium oil systematically used for that 
purpose in Bulgaria is the “‘ Indtan geranium ol” (also 
knawn as “ Turkish geranium oil” and “ Palmarosa 
oil”’). This is distilled in India from a species of grass, 
Andropogon Schoenanthus, and is much inferior in odour 
and consequently cheaper than true geranium oil, which 
therefore frequently contains it as an adulterant. By 
itself it is used as the basis of cheap coarse scents. 

Lavender Oil.—Various species of lavender are used 
in the preparation of the commercial essential oil, but by 
far the largest proportion is obtained from the flowers 
of Lavandula vera, which grows abundantly in sunny 
stony localities in the countries bordering on the Medi- 
terranean, and is also cultivated in various parts of 
France, in Italy, and even as far north as Norway. 
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The lavender that was used in classical times by the 
Romans as a perfume for the bath was probably Laven- 
dula Stoechas, a shrub producing dark purple blossoms 
with an odour more akin to rosemary than to ordinary 
lavender. The flowers of this species were used medi- 
cinally in England until about the middle of the 
eighteenth century. 

Decoctions of the flowers of the ordinary lavender 
were also used as drugs in Wales as far back as the 
thirteenth century, and the oil has always been official 
in the London and British Pharmacopceias. 

According to Culpepper’s old herbal (1782), ‘‘ Lavender 
is of special good use for all the griefs and pains of the 
head and brain that proceed from a cold cause . . . but 
the chymical oil drawn’ from Lavender is of so fierce 
and piercing a quality that it is cautiously to be 
used either for inward or outward griefs.’’ Now, it is 
chiefly as a flavouring agent that it finds its use in 
medicine. 

In the South of Europe a large export: trade is still 
carried on in the dry lavender blossoms, but in this 
country the plant is now almost exclusively cultivated 
for its oil. 

The principal English lavender plantations are at 
Carshalton in Surrey, at Hitchin in Hertfordshire, and 
near Canterbury. The cultivation of the plant has for 
many years been discontinued at Mitcham, although 
some of the oil is still distilled in the neighbourhood, and 
the finest products continue to be described as ‘' Mitcham 
lavender oil.” 

The flowers are gathered early in Aapast and are 
distilled as soon as possible afterwards. The early 
method of distillation in. wide-bottomed copper stills 
over a direct source of heat, as described above, is still 
in common use, and although distillation in a current 
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of steam would give many advantages over this method 
it could hardly produce a finer product. 

In making the most refined lavender oil the blossoms 
are carefully separated by hand from the stalks, and this 
necessarily adds several shillings per ounce to the cost. 
The oil in the stalks has a much coarser odour, and is less 
volatile than the flower oil. Hence the better grades 
of. lavender oil are those separated during the earlier 
stages of the distillation. Where the entire plant is 
distilled, the product is inferior in odour and fetches 
a lower price. 

The proportion of oil yielded by the flower varies 
greatly with the kind of season, and cold dull weather 
during the early blossoming period greatly reduces its 
amount. As a rule an acre of lavender should produce 
about 20 Ibs. of oil, though after a specially good season 
the amount may reach 30lbs. On ‘an average the 
flowers will contain about 14 per cent. of essential oil. 

Lavender, which grows wild or is cultivated in the South 
of France, is distilled near Montpellier and in other 
places, but the French oil has never been able to compete 
in the market with the English product, which frequently 
fetches ten times the price. 

The cause of this difference appears to be due to the 
influence of soil and climate upon the composition of the 
essential oil in the plant. All attempts to acclimatize 
the English lavender upon French soil have been un- 
successful in this respect, for the plants gradually ac- 
quired the characteristics of the French lavender, and 
produced a similar oil. On the other hand, French 
lavender transplanted to English soil soon adapts itself 
to the new conditions, and yields an oil with the same 
composition and delicacy of odour as-the English plant. 

Lavender oil is only soluble in traces in water, and 
the so-called “lavender water ’”’ now consists in reality 
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of a solution of the oil in dilute rectified spirit of wine, 
the scent being sometimes modified by the addition of 
rose oil or oil of bergamot. 

In addition to the fraudulent substitution of French 
oil for English oil, which may sometimes be detected by 
a determination of the chemical composition, lavender 
oil is also frequently adulterated with turpentine and 
with spike oil. Chemical and physical tests are used 
in the detection of these adulterants. 

Spike Oil.—An essential oil, which is sold under the 
name of “ spike oil” or ‘‘ spike lavender-oil,’’ is distilled 
from the flowers of the spike lavender, Lavendula spica, 
a plant growing in the same districts as the true lavender. 
Its odour is coarser than that of lavender, and somewhat 
recalls the odour of rosemary. 

Spike oil is a common ingredient of the cheaper kinds 
of scent, and is also frequently used to adulterate 
lavender oil, while in turn it is itself adulterated with 
turpentine oil. 

Rosemary Oil.—The flowers of the well-known shrub, 
rosemary (Rosmarinus officinalis), yield an essential 
oil, which is extensively used in conjunction with other 
oils in the manufacture of various scents, including Eau 
de Cologne, and is also employed to a limited extent 
for scenting ointments and other pharmaceutical 
preparations. 

The oil is separated from the freshly-gathered flowers 
in the same way as lavender oil, similar care being taken 
to exclude the stalks in the preparation of the finest 
grades. 

Only a very small proportion of the commercial oil 
is distilled in England, the bulk being derived from the 
South of France, and from-the islands off the Dalmatian 
coast. The odour of the Dalmatian product, which 
through being imported by way of Trieste is known in 
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commerce as Italian rosemary otl, is greatly inferior to 
that of the French oil. This is possibly due in part to 
climatic difference, but is also probably largely the result 
of the use of very primitive stills, and want of care in 
the distillation. 

The odour of rosemary oil is strong and penetrating, 
and resembles that of the plant blended with camphor. 
By suitable treatment a solid constituent termed 
rosemary camphor may be separated from the oil. 

Rosemary oil is commonly adulterated with turpentine 
and petroleum oils, and the finest sorts are sometimes 
cheapened by an addition of spike oil. As the produc- 
tion of the Dalmatian oil is under municipal control 
the chief adulteration of this kind of oil probably takes 
place after it has left the islands. 

Neroli Oil.—The flowers of the sweet and bitter orange 
yield, on distillation with water, essential oils which 
differ both in odour and in composition from the oil 
contained in the peel of the fruit. 

In commerce a distinction is drawn between the oil 
obtained from the flowers of the bitter orange tree (Odl 
of Nerolt, Bigarade), and that derived from sweet orange 
flowers (Ol of Nerolt, Portugal), the former being the 
more fragrant and fetching about twice as much in the 
market. Hence itis not an uncommon practice for the 
two oils to be mixed, and sold as bigarade neroli oil. 

Most of the oil in the market is prepared in the South 
of France. The flowers are collected, usually in the 
month of May, and the petals mixed with water and- 
distilled in a still heated by means of asteam coil. The 
essential oil rising to the surface of the distillate is drawn 
off, while the aqueous portion is sold as “‘ orange-flower 
water.” 

Neroli oil is in considerable demand for the manu- 
facture of perfumes, and is worth about 5s. to 10s. per 
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oz., according to its origin. Adulteration with ordinary 
oil of orange is very common, and is not easily detected. 
Oil of Petits Gratns is also frequently added as an 
adulterant. 

Oil of Petits Grains.—This oil was originally derived 
from the seeds of the sweet and bitter orange tree, but 
is now almost entirely obtained by distilling the young 
shoots and leaves of the trees. Its odour is less delicate 
than that of neroli oil, to which it is frequently added 
as an adulterant. It is used in the manufacture of 
Eau de Cologne and other scents. 

Lemon Grass Oil.—This oil is prepared, chiefly by 
native methods of distillation, from the grass of that 
name (Andropogon citratus), which grows extensively in 
different parts of India, Ceylon, and the West Indies. 

It is a yellow or yellowish-brown mobile liquid, with 
an odour resembling that of verbena, whence the oil is 
sometimes described as otl of Indtan verbena. It is 
largely employed in the manufacture of perfumes and 
of scented soap, and is also one of the chief sources of 
the compound citral used in the manufacture of tonone 
or artificial violets. 

Apart from these legitimate uses, it is frequently 
employed to adulterate lemon oil. 

Citronella Oil.—The so-called “‘ Indian grass” (Andro- 
pogon nardus), which covers extensive tracts in Ceylon, 
yields, on distillation with steam, an essential oil, which 
owes its name to the fact that it contains a large pro- 
portion of the compound citronellal. This oil, being 
exceedingly cheap, is used in enormous quantities for 
scenting common soaps, and in the manufacture of coarse 
scents, and is also added as an adulterant to more 
expensive oils. 

In order to prevent the native workmen from stealing 
the oil, the distillate issuing from the condensing coil 
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is conducted into a vessel contained in an underground 
chamber, the door of which can be kept locked. 

Verbena Oil.—Much of the oil sold under this name 
is really lemon grass oil, which, as was mentioned above, 
has a pronounced odour of verbena. The chief species 
of the plant originally used as the source of oil, and still 
distilled to a limited extent in Grasse, were Verbena 
triphylla and V. offictnalts. The leaves of the former 
yield about 0-08 per cent. of a light yellow essential oil, 
the odour of which is more delicate than that of lemon 
grass oil. 

Allusion has already been made to the variations that 
take place in the proportion of oil and in its distribution 
in different parts of the plant during its growth, and to 
the consequent advantage gained by distilling the leaves 
before the blossoming period. 

Oil of Bay.—The leaves of the bay plant, Pumenta 
acris, which grows in the West Indies, yield, on distilla- 
tion, from 2 to 3 per cent. of an essential oil with a 
characteristic aromatic odour. This oil enters into the 
composition of many commercial perfumes, and, in 
particular, is the scent-giving constituent of the hair- 
dresser’s bay rum. The commercial product is liable 
to be adulterated with oil of cloves and oil of pimento. 

Oil of Jasmine.—The oil derived from the blossoms of 
the jasmine (Jasminum grandtflorum) is usually sold 
in the form of the jasmine pomade prepared by the 
method of enfleurage. The oil in the flowers is present 
in so minute a quantity and is so volatile, that the 
ordinary distillation methods of separation: are 
unsatisfactory and expensive. 

In the South of France, however, a small amount of 
the oil is prepared by extracting the blossoms with 
petroleum spirit, and evaporating the solvent at a low 
temperature. 
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The yield of oil thus obtained is only about one-ninth 
of that extracted by fats in the enfleurage process, and 
on these facts a theory has been based, that in flowers 
such as the jasmine and the tuberase, there is a constant 
formation and volatilisation of the perfume, whereas in 
flowers such as the rose a large proportion of the essential 
oil accumulates in a ready-formed condition in the cells. 
Hence on treating the petals of the jasmine with moist 
fat the cells are not immediately killed, and the process 
of scent-formation still continues, while distillation or 
treatment with petroleum spirit immediately inhibits 
this vital process. This theory has been called in 
question by several critics, who suggest that the smaller 
yield may also be explained by the fact that petroleum 
spirit extracts less essential oil than fat, and that in the 
evaporation of the solvent there is inevitable loss of 
the oil. 

The jasmine oil obtained by the extraction method 
is a pale brown mobile liquid with a pleasant odour, 
which is quite distinct, however, from that of jasmine 
pomade. 

Alcoholic extracts of the pomade are used in the 
preparation of scents, their chief value being to give 
freshness to mixtures of other porns which lack thet 
quality. 

The essential oils of the tuberose, ‘onipull hyacinth, 
vtolet, etc., are, like oil of jasmine, chiefly known in the 
form of pomades obtained by enjleurage, or in alcoholic 
extracts of those pomades. 

Oil of Orris.—In Tuscany and other parts of Italy 
large areas are given over to the cultivation of three 
species of trts, Iris florentina, I. germanica, and I. pallida, 
the roots of which when dried and powdered have a 
delicate odour of violets, and are widely used in the 
preparation of the violet powders of commerce. 
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These plants are also cultivated in other parts of 
Europe, in Morocco,. India, etc., but Italy is still the 
chief source of supply. 

The so-called Florentine orris, by which in commerce 
is understood the roots of all three species, derives its 
name from being grown in the neighbourhood of 
Florence, and is the most valued. The roots grown near 
Verona are also held in high repute, especially in the 
United States. Of late years, however, the cultivation 
at Verona has steadily declined, owing to the low prices 
resulting from over-production of orris root in other 
places, and the increasing manufacture of artificial 
violet perfume from lemon grass oil. Thus, in 1905, the 
annual output, which only a few years before had been 
600 tons, had fallen to 80 tons. 

The fragrant violet odour of orris is not perceptible 
in the freshly-gathered roots, but gradually develops 
in them after drying, probably through some chemical 
process analogous to that which takes place in the 
development of the odour in oil of almonds. 

The earliest essences of violets consisted of alcoholic 
extracts of the powdered root, but as these also contained 
inert substances simultaneously extracted from the 
root, they lacked the purity of odour of a solution of 
the essential oil. 

The substance obtained by distilling powdered orris 
root with steam consists of a semi-solid mixture of the 
essential oil and fatty constituents of the root carried 
over mechanically. By subsequent treatment the 
solid inert parts may be separated, leaving a liquid 
volatile oil in which is concentrated the violet-scented 
constituents of the root. This product has an intense 
and extremely delicate odour of the fresh violet and 
fetches a high price in the market. It is used commer- 
cially in the preparation of the finest scents, and is also 
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blended with artificial violet perfumes prepared from 
lemon grass oil, the odour of which it renders more 
subtle. 

Costus Oil.—Another essential oil, with a delicate 
perfume resembling that of violets, is that distilled from 
the roo¢s of Aplotaxts Lappa, which grows in India, 
and is sold under the commercial name of costus oti. 
It is used for the most expensive kinds of perfumes, and 
fetches nearly as much in the market as fine oil of orris. 
When kept, its odour may become unpleasant, but a 
secret process has been devised by Messrs. Schimmel & 
Co. to prevent this change, which is probably the result 
of atmospheric oxidation. 

Patchouli Oil.—The essential oil sold under this name 
has a characteristic persistent odour, and is now chiefly 
used in the preparation of the coarsest kinds of scent. 
It is derived from the dried leaves of Pogostemon 
patchoult, a plant which is cultivated in the Straits 
Settlements, in Java, Mauritius, and in other parts of 
the East. 

Formerly the whole of the commercial oil was distilled 
by the natives, and a considerable quantity is still 
separated on the spot; but, owing to the systematic 
adulteration, most of the oil now sold is distilled in 
Europe from imported leaves. 

The colour of the distilled oil ranges from dark 
yellow to greenish brown or brown, the. differences 
being probably due to climatic influences upon the 
plant. 

Many of the oils yield, on re-distillation, bright blue 
distillates, owing to the formation of a blue compound, 

“azulene,”’ during the process. A substance termed 
patchoulene, with a strong cedar-like odour, has been 
separated from the oil. 

Patchouli oil is frequently adulterated with cedar 
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wood oil and oil of cubebs, and occasionally with 
turpentine. 

Cassia Oil.—The leaves and green twigs of the cassia 
plant (Cenmamomum cassia), the bark of which furnishes 
the well-known spice, contain over a half per cent. of 
essential oil, which is separated by the most primitive 
methods in Chinese distilleries. The plant is also 
cultivated in India, the East Indies, and the Philippine 
Islands, but the production of the oil is also exclusively 
in the hands of the Chinese. © 

The leaves and green shoots used for the distillation 
are stripped from the shrubs during the summer, and 
boiled with water in large iron vessels. The resulting 
aromatic decoction is then distilled to separate the 
essential oil from the aqueous portion. 

The greatest secrecy is maintained by the Chinese 
on the subject of the cassia plantations and stills, and 
every obstacle is placed in the way of Europeans who 
wish to gain information about them. An interesting 
description of the difficulties encountered by the repre- 
sentatives of a German firm in Hong-Kong, and of 
the way in which they overcame them is given in one of 
the reports of Messrs. Schimmel & Co., the ee 
distillers of essential oils. 

The still which is used in the numerous small distit: 
leries consists of an iron pan fixed over a square brick 
fireplace. On this pan rests a wooden cylinder lined 
with iron, and the joint between the two is tightly closed . 
with wedges of moistened cloth. Round the outside 
of this cover near the bottom runs a hollow groove 
which is kept filled with cold water to condense the 
vaporised oil, and the latter falls into another narrow 
groove within the cover, and is then conducted by a tube 
into a series of tin cans placed at a level below the stull. 
The principle employed is thus identical with that 
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utilised in the modern ‘‘Gem”’ still, for obtaining 
distilled water over an ordinary fire. 

The oil derived from the leaves is greater in quantity 
and of better quality than that yielded by the mixed 
leaves and twigs. The bark used as the spice contains 
about twice as much essential oil as the leaves, but is too 
valuable to be used for this purpose. 

The oil thus obtained is packed in tins and sent to 
Hong-Kong for exportation to Europe. The residual 
twigs and leaves from which the oil has been removed 
are dried and used for fuel. 

Pure oil of cassia leaves is a heavy fluid with a sweet 
taste and an aromatic odour of cinnamon, the oil of 
which it is therefore sometimes used to adulterate. 

The commercial product is systematically adulterated 
by the Chinese, various resins, including colophony, 
castor oil and petroleum oil being among the substances 
used for the purpose. . 

The chief commercial use of the oil is in the perfumery 
industry. 

Cinnamon Oil.—The true oil of cinnamon is obtained 
from the bark of the spice plant, Cimnamomum 
zeylanicum, which grows in India, the West Indies, and 
many other places in the East, but is chiefly cultivated 
in Ceylon. Most of the bark is too valuable as a spice 
to be used for this purpose, and the oil is therefore 
distilled from broken fragments and chips of the poorer 
qualities of bark. These pieces are soaked in brine 
for a few days before distillation to loosen the ligneous 
tissue, and are distilled in native stills, a yield of a little 
less than one per cent. of oil being eventually obtained. 

Cinnamon oil is slightly heavier than water, and has 
a characteristic delicate aroma of the spice. It is largely 
employed in the manufacture of scents and as a flavour- 
ing agent, and is also an official drug in the British 
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Pharmacopesia. It is liable to be adulterated with 
cassia oil, which has a similar but more pungent odour. 
Clove oil and the oil distilled from the leaves of the 
cinnamon plant are also used as adulterants of cinnamon 
oil. 

Cinnamon Leaf Oil, which is present in the leaves to 
the extent of about two per cent., is also an important 
commercial product, being a common constituent of 
many perfumes. It differs considerably both in com- 
position and odour from the bark oil, and fetches a much 
lower price in the market. It contains a large proportion 
of eugenol, which is the characteristic constituent of oil 
of cloves. 

Sassafras Oil. ey the essential oils most exten- 
sively used in the manufactures of the coarser descrip- 
tions of perfumes, and especially for scenting the 
cheapest grades of soap, a leading place is taken by the 
oil distilled from the bark of the roots of the sassafras 
tree (Sassafras officinale), This tree grows extensively 
in various parts of America, from Virginia to Canada, 
and in the Southern States often attains a height of 
80 to 100 feet. 

The roots, the smaller of which give the greater 
yield of oil, are dug out and distilled by primitive 
methods of steam distillation, many of the stills being 
worked by the negroes. 

A form of apparatus in common use near Baltimore 
consists of a wooden tank provided with a perforated - 
false bottom upon which the material is placed, and a 
copper head connected with a condensing coil immersed 
in cold water. 

Steam under pressure is introduced beneath the false 
bottom, and passing through the perforations, extracts 
and carries forward the oil in the root. The condensed 
products issuing from the coil are conducted to the 
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bottom of large copper vessels, where they separate into 
two layers, of which the oil being the heavier is beneath, 
while the water overflows from the top. A yield of 
8 per cent. or more of oil is thus obtained from good 
roots. 

The oil derived from the leaves of the tree differs in 
composition and odour from the root oil. The latter 
contains, as its chief active constituent, a substance 
termed safrol, which is also an important constituent 
of camphor oil. Large quantities of safrol are now 
prepared from camphor oil, and used as substitutes for 
sassafras oil, and, being cheaper than the latter and 
equally effective as perfuming agents, have had an 
appreciable effect upon the commercial value of the 
natural product. 

Oil of Veti-Vert.—This oil, which also goes by the 
name of cuscus ol, is derived from the roots of a 
species of grass (Andropogon muricatus), which grows 
extensively in India and the West Indies. In Bengal 
“the grass is termed Khas- Khas, and the English name 
is obviously a corruption of the native word. The oil 
has a very pronounced characteristic odour, and is 
blended with other oils of more delicate aroma, in 
the manufacture of exquisite scents. It is frequently 
adulterated with cheaper essential oils, and sometimes 
with fatty oils. . 

Bergamot Oil.—This oil is extensively used in per- 
fumery, and to a smaller extent as a flavouring agent. 
It is obtained by expression from the rind of fruit of 
a species of Cuztrus, C. bergamta, the bergamot tree, 
which is cultivated for this purpose in various localities 
in Calabria in Southern Italy, and notably near 
Reggio. 

Formerly the process of expression was carried out 
by hand, as is still done in obtaining the oil from lemon 
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peel, but this method is now rarely used, its place having 
been taken by a rapid mechanical method. 

In the type of apparatus that has been employed for 
many years the round fruit is introduced into a saucer- 
like cavity, the surface of which is covered with radiating 
knife-edged grooves. The fruit is pressed against 
these and made to revolve rapidly by means of a close- 
fitting cover, which is .actuated by a _ cog-wheel. 
The oil exuding from the ruptured cells falls through 
perforations in the cavity and collects in a vessel placed 
underneath. 

It is allowed to stand for some time, until the bulk 
of what is known as bergamot camphor has deposited, and 
is then bottled and exported. 

As thus obtained bergamot oil 1s a limpid fluid, with 
a pronounced aromatic lemon-like odour, and a yellowish 
green colour due to dissolved chlorophyll. Rectification 
of the oil by further distillation will yield a colourless 
product, but does not increase the fragrant odour. 

Inferior grades of oil are prepared by mixing the 
expressed rinds with the rasped and partially exhausted 
peel of unripe fruit blown from the trees (termed Nero 
of bergamot), and distilling the mixture. The distillate 
is frequently added to the expressed oil in order to obtain 
a cheaper product. 

Oils of this type are particularly liable to be met with 
in commerce after a season in which very hot dry weather 
follows immediately upon the flowering period. Under 
such conditions the fruit does not settle properly and 
immense quantities drop from the trees in an immature 
condition. This kind of oil differs from ordinary 
bergamot oil in containing a smaller proportion of the 
ethers to which the oil owes its aroma, and its odour 
is therefore inferior. A method of estimating the 
proportion of ethers is employed in detecting the 
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substitution of this lower grade of oil for the genuine 
product. 

The chief adulterants of commercial bergamot oil 
are oil of lemon, oil of orange, turpentine, and fatty 
oils, the last being readily detected by the adulterated 
oil leaving a fixed residue on evaporation. 

The principal odoriferous constituent of bergamot 
oil is the ether, linalyl acetate. This is also prepared 
by synthetical methods, and sold as a competitor of . 
bergamot oil. The price is considerably higher, but 
it is claimed that the odour of the artificial product is 
more than proportionately superior to that of the oil. 

Terpeneless Oil of Bergamot, in which by separation 
of the terpenes the odour has been intensified, are also 
on the market. It is claimed that the aroma of these 
is three times as strong as that of the ordinary oil. 

Ylang-Ylang Oil.—The delicately scented essential 
oil known as oil of cananga or oil of Ylang- Ylang, a name 
which signifies “ flower of flowers,” is obtained from the 
blossoms of Cananga odorata, a tree which grows wild 
and is extensively cultivated in different parts of South 
Asia. 

The largest proportion of the commercial .product is 
derived from the Philippine Islands, where the climate 
and soil are particularly suitable to the cultivation of 
the tree. The flowers are distilled in a very modern 
type of apparatus in Manila, and a large and increasing 
export trade in the oil is ae on with the United 
States and with France. 

About 75 Ibs. of the flowers are required to produce 
1 1b. of the oil, and this fetches from 40 to 55 dollars 
in the American market. 

Ylang- Ylang oil is a strong competitor of otto of:roses, 
and is used in the United States as the basis of some 
of the most delicate and expensive perfumes. The 
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supply of the Philippine oil is, as yet, unequal to the 
demand. A certain proportion of the oil is also obtained 
from Java, but cannot compete with the Philippine oil 
in delicacy of aroma. The two oils also appear to differ 
in constitution, which may be the result either of climatic 
influences upon the tree or of different methods of 
distillation. 

The commercial oil is not infrequently adulterated 
with a fatty oil, the result of which addition is to render 
the oil less soluble in spirits of wine, and to cause it to 
leave a fixed residue on evaporation. 

A synthetical ylang-ylang oil, the odour of which is 
very similar to that of the natural product, is also used 
by the manufacturers of perfumery. 

Linaloe Oil.—There is some confusion with regard to 
the nature of the essential oil commercially known as 
linaloe or lignaloe*otl. The commercial product is not, 
as its name indicates, distilled from the wood of aloes, 
but is obtained from the wood of trees belonging to the 
natural order Burseraceae, which are found in Mexico. 
The wood is distilled on the spot and is also exported 
and distilled in Europe. It yields about 10 per cent. 
of a light oil with a fragrant odour somewhat recalling 
that of bergamot oil. 

The wood termed lignaloe in Brazil and French 
Guiana yields, on distillation, an essential oil,.which is 
frequently described as Essence de bots de rose femelle 
to distinguish it from linaloe oil, although it is no more 
connected with rosewood than it is with aloes, being in 
fact derived from the wood of a tree belonging to the. 
natural order Lauraceae. Its odour is more delicate 
than that of linaloe oil, and it fetches a considerably 
higher price in the market. 

The confusion between these two oils is still further 
increased by the fact that a genuine os! of rosewood is 
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also a commercial product. This is obtained from the 
wood of certain kinds of Convolulaceae growing in the 
Canary Islands. It is a-thick light yellow fluid, with an 
odour..somewhat reminiscent of otto of roses. It is- 
also known as rhodium ozl. 

Thyme Oil.—Two varieties of thyme oil are distin- 
guished in commerce, viz. : red and white oil of thyme, 
the latter being the more valuable. Both are obtained 
by -the distillation of the common thyme, Thymus 
vulgaris, the red oil being the first distillate and yielding 
on rectification the “ white ”’ oil. 

According to Parry it is probable that the colour of 
the “‘ red ”’ oils is due to the action of certain constituents 
(phenols) upon the iron of the stills and condensers. 

The oil from another species of thyme, Thymus 
serpyllum, is often mixed with that from T. vidgaris. 
This*oil has a somewhat different odour, and the mixed 
product is less valuable than that derived from the 
common thyme only. 

A large proportion of the commercial supply of oil 
is distilled in the South of France, and the French oils 
now fetch a higher price than the Spanish oil of thyme, 
which, a few years ago, had the greater reputation. The 
dried plant yields between,2 and 3 per cent. of oil. 

Oil of thyme is used in the manufacture of ‘cheap 
perfumery and for scenting soaps. It is sometimes sold 
as origanum oil, owing to the fact that the essential oils 
distilled from various species of Origanum (true ortganum 
otl, marjoram otl, sweet marjoram oul) have a somewhat 
similar odour and composition, and are very much more 
expensive, 

Oil of turpentine is the most common adulterant of 
oil of thyme, and another fraudulent practice consists 
in abstracting a portion of the constituent termed 
thymol, to which the oil mainly owes its value. 
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It is therefore usual to base commercial transactions | 
upon the proportion of thymol and allied compounds 
in the oil, and against the best qualities of this oil in the 
manufacturers’ lists will be found statements that they 
contain from 25 to 30 per cent. of phenols. The thymol 
abstracted from the oil can be sold separately for a good 
price. 

Oils of similar composition and odour may be distilled 
from other species of thyme, such as Thymus camphoratus 
and Thymus capitatus, while a variety termed T. cttratus 
yields an essential oil with an aroma more like that of 
lemon thyme than that of ordinary thyme. 

Qil of Myrrh.—Myrrh is the dried juice that exudes 
from the bark of several species of shrubs of the genus 
Commiphora, which grow wild and are also cultivated 
in various localities bordering on the Red Sea, and 
especially in Arabia and Somaliland. On distillation 
this gum yields a thick oil of a yellowish green colour 
and with a strong aroma of myrrh. The distilled 
oil is mentioned in the drug ordinances of Frankfurt 
of 1587. 

Bisabol otl of myrrh, which is distilled from the 
bisabol myrrh, Commstphora Rafal, grown in Somaliland, 
has a different odour from that of ordinary myrrh oil. 

Opoponax Oil.—The oil of opoponax now sold is stated 
by Holmes to be identical with bisabol myrrh oil, and 
is not, as its name indicates, any longer derived from 
the plant Opoponax chirontum. The myrrh resin yields 
on distillation from 6 to 10 per cent. of a greenish-yellow 
oil, with a fragrant odour of balsam. 

Frankincense Oil.—This oil, also known as Oltbanum 
ot, is derived from the gum resins of Boswellia plants, 
the yield being on distillation with steam from 3 to 8 per 
cent. This oil is also mentioned in the Frankfurt 
drug ordinances of 1587 under the name of oleuwm thuris. 
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It is a colourless or pale yellow fluid with a fragrant 
balsamic aroma. 

Artificial Perfumes.—If we except the manufacture 
of aniline dyes from coal tar, there is perhaps no industry 
in which chemical research has succeeded in producing 
so many synthetical compounds that would compete 
more or less satisfactorily with the natural products 
than has the manufacture of artificial perfumes. Long 
years of laborious work in isolating the individual 
constituents of different essential oils and ascertaining 
to which of them the characteristic odour of each oil 
was due have justified the attempts to isolate or to 
build up these compounds from other materials, and 
in some cases the resemblance has been so close that 
the artificial perfume has more or less displaced the 
natural one. 

As was mentioned before, it is only in exceptional 
cases that an essential oil consists practically of a single 
constituent in an approximate state of purity, but in 
the best example of this kind the artificially prepared 
compound has proved a serious commercial competitor 
of the natural oi]. Formerly oil of wintergreen was 
distilled in large quantities from the herb Gaultheria 
procumbens, but the bulk of the commercial oil now sold 
at a sixth of the cost of the natural product consists only 
of chemically-prepared methyl salicylate, and for many 
purposes is quite as effective. 

As a rule, however, the problem to be solved has been 
of a more complex character, for even when the fragrant 
aroma of a flower or fruit has been traced to certain defi- 
nite chemical compounds in the essential oils it by no 
means follows that the other constituents, although 
apparently inert as regards the odour, do not in fact 
tend to modify the aroma of the scent-bearing substances 
with which they are associated. This probably explains 
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why some of the artificial scents in the market are so 
much coarser in odour than the natural perfumes. 

In other cases the most important odoriferous coi- 
stituent may have been identified, while other substances 
which also contribute to the total aroma may have 
escaped identification, so that the artificial perfume is 
thus an imperfect blend, which while recalling the odour 
of the natural product, yet differs materially from it. 

Safrol.—Perhaps the most successful imitation of one 
perfume by a substance prepared from another essential 
oil is to be seen in the compound safrol, which has to 
a large extent displaced the natural oil of sassafras. 
As soon as it had been discovered that safrol, the active 
constituent of sassafras oil, was also an important 
constituent of oil of camphor, preparations of the latter 
oil in which the safrol had been concentrated by frac- 
tional distillation were put upon the market. These are 
still sold as substitutes for sassafras oil, but are decidedly 
inferior in odour, the safrol aroma being masked by the 
other constituents left in the camphor oil. Subsequently 
the safrol was separated in a pure state and is now sold 
under the name of “ artificial’ safrol’’ in enormous 
quantities for scenting soaps in which formerly sassafras 
oil was used. The cost of the artificial perfume is only 
about a third of that of the genuine essential oil, and is 
quite as good in its aroma. 

Artificial Heitotrope is another synthetical perfume 
for which safrol also serves as the primary base. On 
oxidising safrol under suitable conditions it is trans- 
formed into a compound termed heltotropin, which has 
a pronounced odour of heliotrope flowers. Most of the 
numerous heliotrope perfumes on the market consist 
of alcoholic solutions of this compound blended with 
other compounds, such as coumarin, vanillin, or 
acetanilide. . , : 
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Coumarin, the scent- bearing constituent of Tonka 
beans, is a crystalline compound. which is obtained 
commercially by a series of chemical reactions from 
salicylic acid. It has the strong aromatic odour of the 
bean, and ‘is used, generally in admixture with other 
compounds, in producing various artificial scents such as 
new-mown hay. 

Vamnillin, the compound to which the vanilla pod owes 
its fragrance, is a substance which crystallises in minute 
white needles. It can be prepared from various com- 
pounds, but the chief source of the commercial product 
is eugenol, the principal-constituent of oil of cloves. 
Vanillin is extensively employed for blending with other 
scents in perfumery, but its chief use is to give a vanilla 
flavour to confectionery. When first prepared in 1876 
it was quoted at £160 per lb., but owing to improved 
and cheaper methods of manufacture and the stress 
of competition, its price has steadily fallen, until at the 
present time it can be bought at 16s. per oz. 

Aritfictal Lilac usually contains as its main consti- 
tuent the compound ¢erpineol, which is prepared by 
various chemical methods from ordinary oil of turpentine. 
The pure substance has a delicate odour of lilac and 
when blended with other compounds can also be used 
in the production of hyacinth and other flower scents. 

Bergamtol, the commercial substitute for bergamot 
oil, is the name given to the chemical compound linalyl 
acetate, to which the odour of the natural oil is mainly 
due. It is prepared ayathenceny by the interaction 
of linalol and acetic acid. 

Nerolt.—In preparing scents the odour of which in the 
flower is made up of several constituents, as in the case 
of neroli oil, mixtures of several compounds are blended 
together to imitate as far as possible the composition 
of the natural product. Obviously it is much more 
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difficult to prepare a passable perfume of this type than 
one in which the aroma is inherent in a single substance, 

since every variation in’ the proportions of the several 
ingredients has its influence upon the odour. The. 
delicacy of aroma also depends upon the purity of the 
compounds, and hence a good synthetical oil of neroli 
costs at least a third of the price of the genuine oil. 

Artificial Rose Osls are, at best, only poor imitations 
of genuine ‘‘ otto” of roses. They are generally made 
up from the two chief constituents of the natural oil— 
geraniol and citronellol—separated from cheaper essen- 
tial oils. They lack the delicacy of the rose perfume, and 
it is not an uncommon practice to add to them a trace 
of the genuine “ otto ”’ of roses to mask the deficiency. 

Artificial Vtolet.—The most valuable of all the 
synthetical perfumes are probably those compounds 
which are now extensively used as substitutes for the 
scarce and expensive oil of violets. ‘They were first 
prepared commercially in 1893 by Tiemann, who took 
out a patent for the manufacture of a compound termed 
tonone, having the odour of violets, and prepared by 
a series of chemical reactions from citrval. As has been 
mentioned, a cheap supply of citral is available in lemon- 
grass oll, and the demand for it has enormously 
stimulated the production of that oil. 

In its pure and concentrated state ionone has not a 
violet odour, but this is developed to a pronounced extent 
when the substance is dissolved in dilute alcohol. For 
this reason ionone, of which large quantities are manu- 
factured by Messrs. Schimmel & Co., is usually sold in 
a 10 or 20 per cent. solution in rectified spirits of wine. 
With reference to complaints occasionally made that 
ionone has no odour at all or that it even has a disagree- 
able smell, Messrs. Schimmel & Co. state that this is 
solely “ due to a blunting of the olfactory nerves, or 
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more correctly to a’ nasal delusion, which also occurs 
sometimes in the case of other flower odours, and to 
which pebple are known to be particularly liable when 
smelling freshly-gathered violets.” 

“ The principal thing in connection with the employ- 

ment of ionone is to discover its proper degree of dilution. 
In using it for extracts, powders, etc., the solution must 
be further diluted and fixed with some orris oil, civet 
and musk.” * 

Genuine “ otto’’ of violets from the flowers is worth 
about 45s. per oz., while a 20 per cent. solution of ionone 
costs only about 6s, per oz. The artificial perfume has 
a much more penetrating odour than the natural oil, 
but in the opinion of most perfumery specialists is 
inferior in delicacy of aroma. 

Arttfictal Musk,—Nqne of the numerous attempts 
made to imitate the natural musk, secreted by the musk 
deer, appear to have met with any measure of commer- 
cial success until, in 1889, Baur claimed a process for the 
manufacture of a nitrated hydrocarbon from toluene, 
to be used as a musk substitute. 

This compound, which is sometimes ducasbed as 

“‘musk Baur,” ‘is a crystalline substance, which is 
soluble in alcohol, and, on the addition of a small pro- 
portion of ammonia, emits a pronounced odour of musk. 

. This substitute for the natural scent is employed to 
a considerable extent for scenting soap’ and in the 
manufacture of the coarser grades of perfumes. In the 
pure crystalline form it is sold at about 10s. a Ib. 

| Artificial Hawthorn.—The oily compound which is sold 
under the name of Aubépine, is, in chemical nomenclature, 
anisic aldehyde. It may be obtained either by oxidising 
aniseed oil or by a more complicated process from 
phenol {carbolic acid). When purified -by distillation 
it has a very fragrant ‘odour of hawthorn, and 
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is‘ used as the basis of many of the commercial may 
blassomscents. It is also blended with other compounds 
or with natural essential oils to imitate other flower 
perfumes. When exposed to the air it is gradually 
oxidised to anisic acid, and it is therefore essential to 
keep it in tightly-closed bottles, which are also kept 
filled to exclude air. Otherwise it will become useless 
for perfumery purposes. Aubépine is sold at the present 
time at about 25s. per lb., and a crystalline preparation 
intended for scenting toilet soaps and containing a large 
proportion of the pure substance, can be obtained at 
a lower price. 


VOLATILE O1r_ts USED AS FLAVOURING AGENTS 


The oils that ~ay be Classified under this heading 
incite all those used in the manufacture of liqueurs 
and mineral waters, in confectionery, and for purposes 
of cooking. Some of them, such as oil of lemon and 
oil of cloves, are also used to a less extent as drugs, and 
in perfumery in making compounded scents, and are 
employed fraudulently to adulterate expensive essential 
oils from flowers. ! 

Oit of Peppermint.—Peppermint oil is obtained by 
distillation of the peppermint plant, several species of 
which are cultivated for the purpose. 


In England the medicinal properties of the plant were 


first ‘recognised about the beginning of the eighteenth 
century, and it then became an official drug in the 
London Pharmacopeeia. 

Two varieties of Mentha pipertca are cultivated, the 
“white” mint more extensively than the “ black” 
mint, ‘since it is believed to yield an,oil of more delicate 
aroma. The principal peppermint fields are near 
Mitcham, in Surrey, at Hitchin in Hertfordshire, and 
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near Market Deeping in Lincolnshire. Up to 1805 the 
distillation was carried out in London, but subsequently 
was transferred to‘Mitcham and other localities nearer 
the peppermint fields. 

About the middle of last century the competition of 
the rising American peppermint industry began-to make 
itself felt, and English peppermint no longer retained 
its complete control over the market. The English 
method of distillation is by means of stills provided with 
false bottoms, upon which the peppermint is placed. 
Water is also introduced and the still sheated overa 
fire. : ° 

Peppermint was first distilled in America in Wayne 
County, New York, by a method similar to that still 
employed in this country. This method was largely 
superseded about 1846 by thé use of wooden tanks for, 
stills. These vessels are covered with metal heads 
connected with condensers, and the oil is carried over 
by a current of steam admitted under pressure. 

The chief peppernmiint areas under cultivation in 
America are in the States of New York, Indiana, and 
Michigan, which produces by far the largest proportion 
of the commercial American oil. 

The cultivation of peppermint in Thuringia has grad- 
ually declined, but a new industry has sprung up near 
Leipsic, and this German oil, distilled by the most modern 
methods, has a very fine aroma and fetches a high price 
in the market. - ; 

A small amount of oil is also distilled in Russia and in 
Italy, but is consumed in the country of tts production. 

The chief peppermint-producing country in Asia is 
Japan, where extensive areas are under cultivation, 
mainly in the island of Hondo, and especially in the 
province of Uzen. The plant there cultivated is a 
variety of Mentha arvensis, which prodtices an oil 
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differing both in properties and composition from the 
English and American oils. 

The Japanese apparatus, a description of which has 
been given by Mr. E. Marx, consists of three iron boilers, 
A, I, H, on which rest wooden vats, B, with perforated 
bottoms, on which the p2ppermint is placed. The 
steam penetrating through these permeates the herb 
and carries the volatile oil to the top, where it meets 
condensers, C, containing water. The condensed product 
falls into the small suspended cups, K, and the water 
separating from the oil runs back through the bamboo 
tubes, L, into the boilers again. When the water in 





Reprinted by permission of Scott, Greenwood & Son, 
from ‘‘ The Chemistry of Essential Oils,’’ by 
E. J. Parry. 


the condens:rs, C, becomes hot, it is drawn off by means 
of a bamboo siphon and replaced by cold water. Should 
the boilers become overheated the products from the 
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burning straw with which the fires are fed may find their 
way into the distillate, and to this may be attributed 
the peculiar burnt flavour sometimes to be noticed in 
Japanese peppermint oils. 

Peppermint oil is also distilled in China, near Canton, 
from a variety of the same plant used in Japan. 

Apart from differences due to the different species of 
the plant, the soil and climate have a great influence 
upon the properties of the essential oil, and the best 
Mitcham oil 1s considered so superior in flavour to the 
American oil distilled from the same plant that it fetches 
from four to five times the-price in the market. The 
finest Japanese oil is usually sold at about the same price 
as an average American oil. The differences in flavour 
of the peppermint oils of different origin are so pro- 
nounced that a trained specialist can distinguish between 
Japanese, American and English oils by their odour 
and taste. ' 

The American oil may also be distinguished from the 
other two oils by its smaller solubility in alcohol. In 
some cases a bluish fluorescent tint is produced, due to 
a chemical action started by light, and this reduces the 
value of the American products. 

The different oils vary in composition as well as in 
flavour, and contain different proportions of the cha- 
racteristic compound menthol, and of ethers. The 
relative amounts of these constituents are influenced 
by the stage of growth of the plant, the menthol, which 
is the more abundant at an early period, gradually 
decreasing, while the ethers increase, and reach their 
maximum when the blossoms are formed. 

The delicacy, of aroma evidently does not depend 
entirely upon the proportion of menthol, since English 
oils, which contain about 60 to 70 per cent., are infinitely 
superior to the Japanese oils, which are particularly 
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rich in that compound, usually containing from 70 to 
80 per cent., and sometimes more. . 

As menthol is a valuable commercial drug, it is a 
common practice to remove the whole or. a part of it 
from Japanese peppermint oils by a freezing process, 
which causes the menthol crystals to separate. The 
dementholised oils: are sold as such at a lower price, 
or are used to adulterate untreated oils containing a high 
percentage of menthol. As a rule about 35 per cent. 
of menthol is left in the commercial ‘‘ dementholised ”’ 
peppermint oils. A completely dementholised product 
has but little commercial value. 

Ordinary oil of peppermint is colourless or of a pale 
yellow colour, and has an aroma that improves on 
keeping. It is very extensively used in confectionery, 
in making liqueurs, and in pharmacy. 

In addition to the fraudulent abstraction of menthol 
and the substitution of blends containing foreign oils 
for English oils, adulteration of peppermint oil with 
other substances, such as turpentine oil, is not uncom- 
mon. Chemical examjnation will detect the grosser 
forms of fraud, but in the case of skilfully prepared blends 
of oils of different origin greater reliance must be placed 
upon the judgment of the skilled palate. 

Spearmint Oil.—The largest proportion of the com- 
mercial oil is obtained from America, where it 1s distilled 
in the States of New York and Michigan from the herbs 
Mentha viridis or M. crispa. The oil is also prepared in 
Germany and in Russia, but the species of plant yielding 
the Russian commercial oil is not known. A small 
amount is distilled at Mitcham, and the English oil is 
sold at about five times the price of the American 
product. 

Spearmint oil is colourless or greenish-yellow, and has 
the characteristic odour of the plant. It is used to a 
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limited extent for flavouring purposes and in perfumery, 
and is an official,drug in the British Pharmacopeeia. 

Oil of Cloves.—This important commercial oil is 
distilled from the unopened blossoms of the clove tree 
(Eugenta caryophyllata), an evergreen plant, originally 
a native of the Moluccas, but now cultivated in Mauri- 
tius, Penang, Madagascar, and especially on the islands 
of Zanzibar and Pemba, which supply about four-fifths 
of the world’s demand for cloves. 

The oil was distilled before the fifteenth century, and 
is mentioned in the drug ordinances of Berlin of the 
year 1574. 

Most of the commercial oil is distilled from dried 
Zanzibar cloves, for although the cloves from Réunion 
are richer in oil they fetch a better price as a spice. 
Zanzibar cloves yield from. 15 to 18 per cent. of oil. A 
small proportion of oil is also distilled from Amboyna 
cloves (Moluccas), and being superior in aroma have a 
considerably higher value for purposes of perfumery 
than the ordinary oil. 

Clove oil is nearly colourless or pale yellow, but 
darkens on keeping. It has the characteristic aromatic 
odour of the plant, and a pungent burning taste. 

When distilled, part of the distillate, being heavier 
than water, sinks to the bottom, while the remainder 
floats on the surface, and these two fractions when 
united form the oil of commerce. 

The chief constituent of clove oil is a substance termed 
eugenol, and a good sample should contain from 70 to 
85 per cent. of this constituent. 

The oil distilled from the stems of the plant is of similar 
composition, but its aroma is not so good as that of 
clove oil. 

The chief uses of oil gf cloves are for perfumery, and 
in the manufacture of liqueurs and aromatic vinegar. 
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It is also employed to a small extent in pharmacy, and 
is an official drug in the British Pharmacopoeia. _ 

It is liable to be adulterated with oil of turpentine 
and petroleum oil, with copaiba and gurjun balsams, 
and with other essential oils such as cedar-wood oil." In 
addition to these adulterations the eugenol is sometimes 
fraudulently abstracted and sold for the manufacture” 
of vanillin, and the residual oil passed off as a genuine 
product. The separated eugenol ‘fetches a higher price 
in the market than the original oil. All these frauds 
may be detected by chemical examination, and especially 
by an estimation of the proportion of eugenol in a given 
sample. 

Pimento Oil.—The small berries of the evergreen plant, 
Pimenia officinalis, which grows extensively in the West 
Indies, and especially in Jamaica, are collected before 
they are ripe and sold as a spice under the name of 
pimento or allspice. The latter name is obviously due 
to the odour recalling that of several other spices, 
though an odour of cloves predominates, 

On distillation, the spice gjves about 3 to 4 per cent. 
of a heavy oil of red colour and with the same aroma 
as the berries. This il resembles clove oil in containing 
a high percentage of eugenol, and to this compound it 
owes the suggestion of cloves in its aroma. , 

As in the case of clove oil the eugenol and other 
constituents are sometimes abstracted, leaving a 
“‘ dephenolised ” oil, which is much lighter than the 
genuine product. 

Pimento oil is used in the manufacture of liqueurs 
and spiced British wines, and is also an cfficial drug in 
the British Pharmacopoeia. 

Ginger Oil.—The dried root or rhizome of the ginger 
plant, Zimgiber officinale, which is cultivated in Asia, 
the West Indies and Africa, yields when distilled, about 
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3 per cent. of a yellow oil with the well-known pungent 
aroma. 

The oil is used to a considerable extent in the manu- 
facture of ginger wine and liqueurs, though “ essences ” 
consisting of alcoholic decoctions of the root are perhaps 
more frequently employed. A terpeneless oil of ginger 
is also on the market. The nature of these oils has 
already been described on a previous page. 

The chief adulterant of soluble essences of ginger is 
an extract of capsicums which gives heat without 
flavour. 

Oil of Lemon.—The main supply of this essential oil 
is derived from Sicily, Italy, and the South of 
France. It is contained in the peel of the fruit of the 
lemon tree, Citrus limomum, which is cultivated 
extensively in Southern Europe, and especially along 
the coasts of the Mediterranean. 

For the most part, the oil is still extracted by hand, 
and machinery has not been adopted to any extent. 
There are a few large factories, numerous small ones, 
and innumerable families of peasants who squeeze the 
peel of the lemons grown in their own gardens. 

The method of extraction used in Sicily and South 
Italy is the Spugna, or sponge, process. The lemons 
are cut into slices so that little pulp is left upon the peel. 
The pulp is pressed and the juice sold to the manu- 
facturers of calcium citrate, which is exported, princi- 
pally to England, and made into citric acid. The peel 
is squeezed against a sponge, which when filled with oil 
is expressed into a large vessel, and subsequently 
decanted from the aqueous layer and filtered through 
paper. 

In the north of Italy and in the Riviera the oil is 
separated by the ecuelle’ process, in which the fruit is 
rolled about in a vessel studded with points, the oil 
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exuding from the ruptured cells being collected in a 
hollow space in the handle of the vessel. 

The machinery which has been introduced into some 
of the Italian factories is constructed on the same 
principle as the manual extraction. The process is 
somewhat more rapid, but the oil extracted by machinery 
has not so good an aroma as that produced by hand. 

The oil, by whichever process obtained, is stored and 
exported in cylindrical copper vessels lined with tin. 

The proportion of oil given by the peel varies con- 
siderably with the season, the maximum being obtained 
between November and February, when 1,000 lemons 
yield from 1 to 2 (Italian) pounds of oil. 

The immature fruit yields much less oil, and the 
quality and aroma of the product are also inferior. 

A ¢ertain amount of oil of poor quality is also obtained 
by distillation, the expressed peel and unripe windfalls 
being used for the purpose. This distilled oil is frequently 
used to cheapen the genuine oil from fresh fruit. 

The trade in lemon oil is in the hands of merchants 
and manufacturers, the principal market being at 
Messina. The variation in the composition and char- 
acteristics of genuine commercial oils may be attributed 
to those made in the winter from good lemons being kept 
separate from those made at other seasons from inferior 
fruit. 

Such factors as the position of the gardens and the 
kind of season have also an influence upon the nature 
of the oil. 

Oil of lemon is a light liquid of pale yellow colour, and 
with a strong aroma of lemon. It becomes paler on 
keeping, and is particularly liable to develop an un- 
\pleasant odour when exposed to light and air. For this 
reason it should be stored in vessels which are filled as 
full as possible and kept in the dark. 
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It is composed in the main of two terpenes termed 
limonenes and of the compound cttral, which, as was 
mentioned before, is the chief constituent of lemon-grass 
oil. The oil exported from Sicily to England or America 
is often accompanied by a certificate of analysis stating 
the percentage of citral in the consignment. This 
single factor, however, is not a sufficient guarantee of 
purity, since a suitable addition of lemon-grass oil will 
increase the proportion of citral in an adulterated oil to 
the desired extent. 

Oil of lemon is extensively used in confectionery, as a 
flavouring agent in pharmacy, in the manufacture of 
lemonade, and in perfumery. 

A terpeneless oil of lemon is also on the market. This 
is prepared by distilling off under reduced pressure the 
greater part of the more volatile constituents (terpenes), 
and distilling the residue, which consists principally of 
citral, in a current of steam. 

Adulteration of lemon oil is very widespread, and in 
the case of skilfully prepared blends is exceedingly 
difficult of detection. Turpentine has long been 
employed as a favourite adulterant, and the addition of 
a small proportion of orange oil makes the adulterated 
oil answer the requirements of the chief optical test. 

It is significant that a mixture of 80 per cent. of lemon 
oil, 15 per cent. of orange oil, and 5 per cent. of turpentine 
is sold under a special name in Sicily. 

Other fraudulent practices in connection with lemon 
oil are the admixture of old and distilled oils with freshly 
expressed oil, and the blending of the residual terpenes 
from the manufacture of terpeneless oils with suitable 
proportions of lemon-grass oil and turpentine. 

Oil of Orange.—The oil extracted from the peel of the 
sweet orange, commonly termed Essenza di portogallo, 
is chiefly derived from Calabria and Sicily. It is 
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extracted by hand in the same manner as oil of 
lemon. 

It has a pronounced yellow colour, and an aromatic 
but not bitter taste. It consists principally (about 
70 per cent.) of limonene, and also contains citral. Its 
chief adulterants are oils of lemon and turpentine. 

The oil from the peel of the bitter orange is known 
as Essence @’ orange bigarade. It is not used to any great 
extent, and according to Fabris is not readily obtained 
in a pure condition. It is a yellow hquid with a bitter 
aromatic taste, and a more delicate aroma than the oil 
of sweet orange. 

Both oils are used in confectionery, in the manu- 
facture of liqueurs, andin perfumery. They are also sold 
in the concentrated form as ¢erpeneless oils, and the 
waste terpenes from the manufacture are used to 
adulterate untreated oils. 

Oil of Mandarin.—This oil, owing to its high price, is 
not often obtained pure in commerce. It is expressed 
from the peel of the fruit in the same manner as the oil 
of orange or lemon. It is a golden yellow liquid with a 
slight blue fluorescence, which becomes more pronounced 
on diluting the oil with alcohol. 

Oil of Limes.—The bulk of the commercial oil of limes 
is obtained from the peel of the lime fruit, Cztrus 
medica, var. actda, which is extensively grown, for the 
sake of its juice, in the West Indies, and especially on 
the island of Montserrat, where the cultivation forms 
the staple industry. 

The method of expressing the juice from the peel has 
already been described, and a certain amount of an oil 
of inferior flavour is also prepared by distillation. 

The oil of lime prepared in Italy is from the peel of 
a different fruit, Citrus limetta, and is expressed in the 
Same manner as oil of lemon. It differs from the West 
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Indian oil in aroma, being more akin to bergamot oil, 
whereas the West Indian oil recalls the odour of lemons. 
It is commonly known as /tmetta otl, and is employed 
for flavouring purposes. The West Indian oil is exten- 
sively used in the manufacture of mineral waters, and 
in the preparation of the cheapest grades of lime-juice 
cordial, some of which contain no lime juice at all, but 
consist of coloured and sweetened solutions of tartaric 
acid flavoured with oil of limes. 

Adulteration of oil of limes follows the same course as 
in the case of oil of lemon. Blends of various essential 
oil, including lemon oil (which is considerably cheaper) 
and turpentine are added to it, and in the cheapest 
products distilled oil is substituted for the expressed oil. 

Oil of Bitter Almonds.—One of the most widely used 
flavouring agents is the oil prepared from the kernels 
of the seeds of the bitter almond tree, Amygdalus 
communts, var. amara. 

After expression of the fixed oil from the crushed 
kernels the mass is mixed with water, and under the 
action of a ferment or enzyme termed emulsin, a com- 
pound known as amygdaliwn, which is present in the 
water, is gradually decomposed into benzaldehyde, a 
sugar, and prussic acid. After soaking for*some hours 
the mass is distilled in a current of steam, great pre- 
cautions being taken to prevent the poisonous prussic 
acid escaping into the air. 

The oil thus obtained consists principally of benzal- 
dehyde, though it also contains a considerable proportion 
of prussic acid. In some of the commercial oils, sold 
at a somewhat higher price, the prussic acid has been 
removed by chemical processes. 

Oil of almonds is a heavy yellow liquid with a pro- 
nounced almond-like odour. Oils which are chemically 
identical with it are prepared from the kernels of apricots 
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and peaches, the latter oil usually being sold as foreign 
otl of almonds. 

These oils, being much cheaper, are also fraudulently 
added to the genuine almond oil, and another common 
adulterant is artificial benzaldehyde, which is only 
worth about a seventh of the value. If the added 
compound has been carefully prepared the fraud can 
only be detected by a trained sense of smell. 

Oil of almonds is also liable to be adulterated with 
the impure nitrobenzene, which is sold under the name 
of essence of mirbane for scenting cheap soaps, for which, 
however, its irritant action upon the skin renders it 
unsuitable. 

The chief uses of almond oil are for flavouring 
confectionery, in medicine, and in perfumery. 

Juniper Oil.—The berries of the common juniper tree 
(Juniperus communis) yield on distillation from 0°5 to 
1°5 per cent. of an essential oil. The tree, originally 
indigenous to Greece, now grows in all parts of Europe, 
but the berries of the Italian shrub are those most valued 
and chiefly used for the distillation of the oil. 

Juniper berries contain a large proportion of sugar, 
and decoctions of them are fermented in the manufacture 
of gin, the characteristic flavour of which is due to the 
essential oil. 

Commercial oil of juniper is used in the preparation 
of artificial gin, which is little more than an alcoholic 
solution of the oil, and to a limited extent as a drug. 

A so-called quniper wood otl is also on the market. 
This often consists of turpentine or of the residues 
obtained in the manufacture of terpeneless oils distilled 
over juniper berries. 

Wormwood Oil.—The herb Artemisia absinthium 
yields, on distillation, from one-fifth to about one per 
cent. of green or bluish green oil, which is used in the 
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preparation of absinthe and other liqueurs, whence 
the oil is often termed os of absinthe. 

The plant is found in the northern countries of Africa, 
in various localities in Europe and Asia, and is also 
grown in the United States. The yield of oil obtained - 
on distillation shows great variations with the period 
of growth, and, as was mentioned on a previous page, 
it is therefore advisable to gather the herb before 
blossoming begins. 

Wormwood oil is also used to a limited extent in 
medicine. It is often adulterated with cheaper oils, 
and especially with turpentine oil, the presence of which 
may be detected by means of fractional distillation. 

Aniseed Oil.—The greater proportion of the commer- 
cia] aniseed oil is distilled from the star anise (badiane), 
Illacium verum, which is cultivated principally in the 
South of China; but a considerable amount is obtained 
from the true anise, Pimpinella amisum, originally a 
native of Asia Minor, but now grown in many European 
countries, notably Russia, in India and in South America. 

The oils derived from these two plants have many 
chemical points of resemblance, both containing as a 
main constituent the compound anethol. They are also 
very similar in their odour and other physical properties, 
but the Russian oil usually fetches a much higher price 
in the market. 

Oil of aniseed is a pale yellow liquid, which is rather 
lighter than water, and solidifies at a little below the 
ordinary temperature (60° F.). 

It is extensively used in the preparation of liqueurs 
and cordials, as a drug, and for blending with other oils 
in perfumery. It is frequently adulterated with petro- 
leum oil and with oil of fennel, the Chinese or star 
aniseed oil being particularly liable to contain foreign 
substances, 
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The main constituent, anethol, is separated and sold 
as a commercial product, and the residual portion is 
sometimes used as an adulterant of the genuine oil. 

Japanese star anise otl is an oil of quite a different 
odour from that of aniseed oil. It is distilled in Japan 
from the leaves of the herb, Illiciwm religtosum, and 
differs chemically from the other oils. 
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Reference has been made to the use of many of the 
oils described in the two preceding classes for pharma- 
ceutical purposes, and several of them are official drugs 
in the British Pharmacopeeia. From a commercial 
point of view, however, their medicinal uses are sub- 
ordinate to their employment as perfuming or flavouring 
agents, whereas the typical oils described in the present 
group are almost exclusively used in medicine. 

Oil of Camphor.—Camphor and oil of camphor are 
obtained from the wood of the camphor tree, Camphora 
officinalts, which grows abundantly in Japan and China, 
and especially in the island of Formosa. The tree has 
also been planted in Ceylon and Florida, and small 
quantities of camphor are now derived from both these 
localities. 

The method of collecting the camphor in Florida is 
of the crudest description, and immense quantities of 
the trees are destroyed in the process. After the tree 
has been cut down the smaller branches and twigs are 
placed in perforated jars covered with earthenware pots, 
and heated over boiling water. The steam penetrating 
the chopped-up wood expels the camphor, which is then 
condensed in crystals in the earthenware covers. On 
standing, a small proportion of oil separates from the 
crystalline part, and this’ is drained off and sold as 
oil of camphor. The bulk of this product, however, is 
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obtained by distilling chips of the wood with steam, 
the distillate consisting of a mixture of camphor and 
oil of camphor. This is redistilled so as to effect a 
separation of the two, the distillate then consisting 
chiefly of the oil, and the residue being camphor. 

Strictly speaking, the commercial oil and the crystal- 
line substance are the two fractions of the volatile oil 
from the wood, the ordinary camphor being analogous 
to the stearoptene which crystallises in rose oil and other 
vegetable essential oils. In commerce, however, a 
sharp distinction is made between the two camphor 
products. 

The discovery by Messrs. Schimmel & Co. that safrol 
is an important constituent of camphor oil, and the use 
of that compound as a substitute for sassafras oil has 
given a great impetus to the industry.’ It is now a 
common practice for oil of camphor to be freed as com- 
pletely as possible from safrol before it leaves Japan, 
and the residual light camphor otls, as they are termed, 
are sold at a much lower price, and are used as substitutes 
for turpentine oil. The value of oil of camphor thus 
mainly depends upon the proportion of safrol it contains, 
and the greater this quantity the heavier the oil. 

Eucalyptus Oils.—It is only of recent years that the 
extensive trade in eucalyptus oils has sprung up, and 
the rapid growth of the industry is almost entirely 
due to the reputation that the oils have attained, as 
deodorants, antiseptics and curative agents generally. 

The commercial oils are obtained by distillation of 
the leaves of numerous species of Eucalyptus, the princi- 
pal supplies being derived from indigenous trees in 
Australia and from trees grown in plantations in Algeria 
and the United States. 

The British Pharmacopeeia, in which eucalyptus oil 
is an official drug, prescribes that it shall be the product 
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of Eucalyptus globulus or other species yielding an oil 
with similar chemical characteristics, and thus excludes 
the use of oils containing a smaller proportion of euca- 
lyptol or cineol, or a greater proportion of the inactive 
constituent phellandrene. 

It is to the eucalyptol that eucalyptus oil owes its 
germicidal properties, and hence many of the oils 
originally imported into this country, although the 
products of species of eucalyptus, had very little 
medicinal virtue. 

The pure oil of E. globulus contains from about 50 to 
65 per cent. of eucalyptol, and is regarded as the most 
valuable of the commercial medicinal oils. 

On the other hand, the oil of Eucalyptus amygdalina, 
which was once greatly valued, contains not more than 
25 per cent. of eucalyptol, and at the present time 
fetches only about two-thirds of the price of the globulus 
oil. 

A third type of eucalyptus oils include those which 
have little or no medicinal value, but have a fragrant 
aroma and are used in perfumery and for scenting soap. 
Of these mention may be made of Eucalyptus dealbata 
of New South Wales, E. cttrtodora, the oil from which 
fetches four times as much as the medicinal oils, and 
E. odorata, which yields an odorous oil, used by soap 
makers in Australia. 

The active constituent of the medicinal oils, eucalyptol, 
may easily be separated in a crystalline form, and is now 
a recognised commercial product, which is sold at about 
twice the price of the pure oil. 

Eucalyptus oil is liable to be adulterated, and the 
pharmacopeeial ‘oils may be blended with other Ewuca- 
lyptus otls poor in eucalyptol, or with oil from which part 
of that compound has been extracted. 

Cajuput Oil.—This oil resembles eucalyptus oil in 
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containing a high proportion (about 65 per cent.) of 
cineol (eucalyptol), and to this must be attributed its 
value as a therapeutic agent. It is obtained by dis- 
tillation of the leaves of Melalenca leucadendron or of 
M. Minor, shrubs growing abundantly in the Malay 
peninsula. The commercial oil has a camphor-like 
odour and is frequently of a green colour, due to the 
use of copper stills, but redistillation furnishes a 
colourless product. 

Cajuput oil is official in the British Pharmacopeeia. 
It is sometimes adulterated with turpentine, and is also 
liable to‘be sold deprived of part of its original cineol. 


VOLATILE O1ts USED AS SOLVENTS 


Although many of the essential oils are good solvents 
for resins and other substances, few of them are used 
commercially for this purpose, since they are more 
profitably employed in other ways. The volatile oils 
obtained from the wood and resin of various species of 
pine and sold as turpentine oils are the chief represent- 
atives of this group, although of late years the residual 
terpenes from the manufacture of terpeneless oils, and 
the light oils left after abstraction of the safrol from 
camphor oil have been put to a similar use. 

Oil of Turpentine.—Turpentine is a resinous exudation 
from the wood of trees belonging to the Conitfera, or 
fir family, and consists of a mixture of resin (rosin) and 
a volatile oil, known commercially as ott of turpentine, 
turps or terps. 

The crude turpentine is collected in the United States, 
largely by coloured labour. The trees (Pinus australis), 
locally termed the yellow pine, are subjected to the 
process of boxing. This consists in cutting a cavity 
or box a little above the root, and stripping the bark 
above this so as to form a channel for the exuding juice. 
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The incisions are made about the middle of March and 
the flow of turpentine continues until about the end of 
October. Each box holds from 1} pints to over half a 
gallon, and is emptied several times during the seasun. 
The deposit left upon the back is known as scraping, 
and is collected towards the end of the season. 

The crude turpentine from the boxes is mixed with 
about a quarter of its volume of water and distilled in 
copper stills. The distillate consists of a mixture of 
water and the essential oil of turpentine, while the 
residue in the still is the ordinary rosin or colophany of 
commerce. The oil is drawn off from the surface of the 
receiver, and is rectified by redistillation with a solution 
of caustic potash. The resulting product is_ the 
commercial rectified orl of turpentine, but to obtain a pure 
oil for medicinal purposes yet other distillations with 
water and over calcium chloride are necessary. 

Purified oil of turpentine is a colourless limpid liquid 
with a characteristic odour and a burning taste. It is 
nearly insoluble in water, but mixes readily with fixed 
oils, and is itself a good solvent, for the substances used 
in the manufacture of varnishes. It burns with a dense 
smoky flame, at a relatively low temperature. 

When exposed to the air it becomes yellower and 
assumes a more resinous character. 

The American oil of turpentine, the bulk of which is 
obtained from the Georgia and “loblolly” pines 
(P. Australis and P. te@da) is regarded as the most 
valuable of the commercial varieties. The French oil 
(from P. pinaster) and the German oil (from P. sylvestris 
and P. picea) are recognised commercial products, which 
are sold at a lower price. 

The Russian and Swedish oils of turpentine, derived 
from the oleoresin of P. sylvestris and P. ledebourdi, 
have an unpleasant odour, which reduces _ their 
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commercial value. Of late they have been subjected to 
refining processes to remove this odour, and the resulting 
products are sold under various names. They differ 
considerably from American turpentine oil both in 
physical and chemical characteristics. The Russian oil, 
in particular, has a much more irritant action upon the 
skin than the American oil. 

The commercial spruce turpentine, which is obtained 
from P. glabra, closely resembles the ordinary American 
product. 

In addition to these oils, wood turpentine is now 
prepared on an exténsive scale in America, by distillation 
of the wood and stumps of the spent trees, whence the 
origin of its local name of “stump spirit.” This oil 
is of much less value than the true box oil of turpentine, 
and‘is widely used to adulterate the latter. It is not 
unlikely that the change in the chemical characteristics 
of American turpentine oil, which has been noticeable 
during the last few years, is largely due to the common 
addition of wood turpentine. 

Other adulterants of box turpentine oil are the more 
volatile portions of petroleum oil and mixtures of various 
terpenes from other essential oils. Various turpentine 
substitutes consisting of mixtures of this nature are on 
the market, and are used in paints and varnishes and 
in the manufacture of floor polishes. 


PART ITI 
MINERAL OILS 


IT is strange to reflect for how many ages ‘the world 
was almost entirely dependent for its artificial light 
upon crude lamps, in which animal and vegetable oils 
were burned, or upon tallow or wax candles. 

It is true that coal gas had then been introduced into 
many of the larger towns in Europe, but, for the most 
part, the houses were still iluminated by the primitive 
methods that had been in use for centuries. 

The poorest class of people had to content themselves 
with such devices as pine-splint torches, feeble rush 
lights, or the flickering light from a fire. 

Among Eastern nations the crude natural naphtha 
or petroleum which found its way to the surface through 
various fissures, or was obtained from shallow wells, had 
been used from time immemorial for burning in lamps, 
but the flame was usually smoky and the smell of 
the burning oil extremely disagreeable. The modern 
methods of refining petroleum oil so as to remove 
these drawbacks had not suggested themselves, and 
the abundant oil supplies in the United States still 
awaited discovery. 

Thus the rise of the modern petroleum industry 
supplied a need long felt, since it furnished a cheap 
source of light in remote places where a supply of coal 
gas or (later) of electricity was not available. It 
completely displaced the use of the old-fashioned 
lamp, and enormously reduced the consumption of 
candles. ; 

At the present time in this country the only vegetable 
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oil still employed for lighting purposes to any extent is 
colza oil, which is used for bicycle lamps or to shed a dim 
light in the carriages on certain railway lines, 

The story of the rise and growth of the now gigantic 
petroleum industry is one of the most fascinating in 
the history of commercial products. 

Origin of Petroleum.—The crude petroleum oil which 
issues from fissures in oil-bearing strata, or is carried 
forth by water springs, or is obtained by digging pits 
or sinking wells, is usually a light yellow or dark-coloured 
liquid with an unpleasant odour. 

Chemically it consists of mixtures of impure com- 
pounds of carbon and hydrogen termed hydrocarbons, 
which boil at different temperatures, so that the oil may 
be separated by distillation into different fractions, the 
heavier of which are used for lubricating purposes while 
the lighter are used for oil engines and as lamp oils. 
To the same class of compounds belong the solid petro- 
leum products (paraffin wax and the like) and the natural 
gas that accompanies petroleum. 

There has long been controversy with regard to the 
origin of petroleum and the weight of many illustrious 
names has been given to the opposing theories. 

According to the chemical theory, which was pro- 
pounded by Berthelot, the petroleum hydrocarbons are 
the result of the direct union of the elements carbon and 
hydrogen, and this conclusion is supported by the fact 
that oils of the same kind have been experimentally 
produced in the laboratory. 

There are, however, numerous difficulties in the way 
of accepting this view, and the organic theory 1s 
therefore more generally held. This attributes the 
formation of the petroleum deposits to the decomposition 
of animal or vegetable remains, which results in th 
formation of solid asphaltic or bituminous substance e 
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or liquid petroleum oils or of gases. It is probable that 
animal life has played a greater part in the petroleum 
formation than vegetable life; but on this point, too, 
there is still much controversy, an interesting summary 
of which is given by MM. Neuburger and Noalhat. 

Assuming that petroleum is of organic origin, the 
differences observed in the natural products would be 
accounted for by differences in the conditions, such as 
the degree of pressure, and nature of the strata in which 
the deposits Were formed. 

It was at one time believed that petroleum was 
produced at the same time as coal, and this led to the 
name of coal os! being given to petroleum oils. Yet, 
although an oil is obtained by the distillation of coal, 
it is quite distinct from petroleum oils, and in fact the 
petroleum deposits all over the world are found in a 
different class of rocks from those in which coal scams 
occur. The idea gained ground, however, from the 
fact that the first great petroleum deposits in the United 
States were discovered in districts which were already 
well known as coal-producing areas. 

In most localities the oil is found deposited within 
underlying strata, which consist of porous material, 
such as sandstone or limestone, and may absorb more 
than a tenth part of their volume of the oi] (Redwood). 

The occurrence of pockets in the stratification also 
plays an important part in the accumulation of the 
petroleum, since the hollows thus left beneath the 
contorted shale become filled with oil. 

As a rule the oil stored up in these different kinds of 
natural reservoirs is confined under pressure, which is 
probably caused by the accompanying gases. Hence, 
in boring a fresh petroleum welt, it is no uncommon 
sight for a stream of the oil to be flung up into the air, 
and for a steady flow of thousands of tons to 
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continue from day to day, until the gas-pressure ha; 
been reduced. 

The solid petroleum products such as bitumen and 
asphaltum, which occur as deposits in most parts of the 
globe, are probably the result of the natural oxidation 
and partial evaporation of petroleum oil which has 
found its way to the surface and has remained exposed 
to the air. The naturally occurring earth -wax, com- 
mercially known as ozokertle, belongs to the same group 
of substances. 

Similar solid paraffin waxes and pitches are obtained 
in the refining of crude petroleum oil. 

Historica] Outline.—Prior to the birth of the American 
and the Russian petroleum industry the use of the oil 
was almost entirely restricted to the inhabitants of 
_ the productive areas. Petroleum products were cer- 
tainly known, however, at a very remote period. Thus, 
bituminous substances were employed by the early 
Egyptians and Babylonians for making pitch and 
similar ,purposes, and numerous references to their 
use may be found in the Old Testament. 

Early Greek and Roman writers make frequent 
mention of bituminous deposits, and Herodotus (VI, 
119), in particular, has an interesting passage describing 
a black evil-smelling oil which was obtained from wells 
in Persia. les 

rtain petroleum wells at Agrimentum are also 
described by Roman writers, and the oil from these 
was used there as a lamp 0.1 upwards of 2,000 years ago. 

At a later period oil was collected from wells near 
Modena, and still later, at the beginning of the nineteenth 
century, Genoa was lighted with lamps burning the crude 
oil. Some years afterwards a distilled oil is said to have 
been used for lighting the city of Prague (Redwood). 

In other parts of Europe petroleum deposits have long 
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been utilised lucally for lubricating purposes, while the 
oil discovered in various localities was usually put 
forward as a valuable medicinal remedy. 

The most celebrated ancient wells are those in the 
region of Baku on the borders of the Caspian Sea. Here 
the deposits of petroleum occur so abundantly, and 
there is such a constant emission of the natural gas 
from fissures in the rocks, that it is easy to imagine how 
Baku became celebrated for its ‘eternal fire” and to 
understand why from times of remote antiquity it was 
the objective of fire-worshipping pilgrims from Persia 
and India. 

The oil from the Baku springs was also celebrated, 
and expeditions were made from far-distant lands to 
secure supplies for burning in the temples at home. 

The first attempts to develop the petroleum industry 
in Baku, however, date to the period when the district 
was annexed by Russia, about the begitz.ing of the 
eighteenth century. The wells were then worked more 
or less systematically, and arrange nents were made 
for the distribution of the oil by boat. 

With the restoration of Baku to Persian rule this 
activity ceased, and it was not until the beginning 
of the last century, when the Russians again had control 
of the district, that the industry began to develop. 
Even then, and for long after the rise of the Ametican 
petroleum industry, the export trade was neglected, and 
it is only recently that Baku has adopted modern 
methods and has become a dangerous competitor of 
the Americans. ie 

The Chinese and Japanese records show that petroleum 
oil was known and was used as a lamp oil and for cook- 
ing as far back as the sixth century, while in India the 
working of petroleum springs dates back to the remote 
past. In Japan the oil is now produced and purified 
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by the most modern methods, but the industry is still 
relatively insignificant. Rich deposits are now being 
worked in various parts of Central and South America, 
in India and in Burmah, and surface indications show 
that in South Russia and many other regions of Asia 
there are hidden supplies of petroleum ready to take 
the place of the wells of to-day. 

The American Industry.—The beginnings of the 
gigantic American industry attracted scant attention. 
From time to time attempts had been made to utilise 
the oil from the natural petroleum springs, but not until 
the nineteenth century had well advanced were any 
definite experiments made with it for lighting purposes. 
It was soon discovered that the crude product burned 
with a smoky flame and had a nauseous odour, and 
the oil was again relegated to its former employment 
as a quack medicine. The following graphic details 
of the first rush for oil are given by the French writer 
de Fonvielle (Le Pétrole, Paris, 1888). 

About the year 1840 lamp oils were obtained on a 
commercial scale by the distillation of shale or coal, 
and were introduced into the American market under 
the name of Kerosene. The success of these coal oils 
suggested the possibility of purifying the crude petroleum 
oil by distillation, and some years later a distilled oil was 
obtained from petroleum, and found a ready sale. The 
supply of petroleum oil for this purpose was at first 
obtained by skimming it from the surface of the liquid 
in brine pits or wells, but soon afterwards special wells 
were drilled for the purpose in Pennsylvania. The first 
company was then promoted, and in 1859 the ingenuity 
of its engineer, Drake, to whom is due the method of 
driving an iron pipe through the sands and working the 
drill through the pipe, solved the problem of obtaining 
a plentiful supply of oil. 


MINERAL OILS 103 


Fast upon the news of Drake’s well came a period 
of wild excitement and mad speculation. Sites in the 
neighbourhood of Drake’s well were sold for enormous 
prices, wells were drilled in every direction, mushroom 
companies were formed, and enormous fortunes were 
made and lost ina day. Ina few weeks, quiet pastoral 
scenes were transformed into bustling mining camps, 
and the calm of ages was broken by the ceaseless din 
of machinery. 

At first the wells were only sunk to the depth of about 
80 feet, but in 1861 borings were made to a depth of 
400 to 500 feet with the object of obtaining a still 
greater supply. Thus was discovered the first example 
of the type of wells which were aptly termed ‘‘ spouters ”’ 
or fountains. 

The news of this discovery produced an immediate 
increase of frenzied excitement. In every direction 
deep borings were made, and in some cases flowing 
wells yielding thousands of barrels daily were discovered, 
and soon the output of oil became so plentiful that many 
of the smaller wells were rendered unprofitable. 

In some areas the wells were so quickly exhausted 
that the districts were abandoned and once more given 
over to agriculture. Pithole City, for example, which 
in 1865 had burst into existence as a thriving city of 
16,000 inhabitants, had been abandoned by the beginning 
of 1866, and had completely disappeared a few years 
later. 

But with each fresh discovery of new oil fields there 
was a similar rush for riches with its usual accompani- 
ment of speculative and fraudulent companies, followed 
by periods of depression and ruin brought about by 
over-production ‘and consequent low prices. 

Whatever criticisms may be brought against the 
powerful “trust” organisation, controlling the production 
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and distribution of the oil, and including in its 
corporation nearly all the principal oil refiners in the 
United States, its formation has at all events prevented 
these periodical suspensions of the output of oil. 

The Petroleum Well.—Apart from the relatively 

small amount of oil which exudes to the surface of the 
earth from the subterranean deposits, the world’s supply 
of petroleum is derived from artificial wells. 
' +The occurrence of oil deposits is often indicated by 
certain surface signs, such as the formation of oil lakes, 
but it is largely a matter of chance whether the borings 
at any given spot within this area will prove successful. 
Thus,- the well may prove not worth the labour of 
pumping, or it may be a fountain whence at first issue 
thousands or even millions of gallons of oil a day. . 
Thus, in September, 1909, a fountain was struck in 
the Maikop fields in South Russia, from which issued 
a deluge of oil estimated at 30,000 tons in a week. 

The modern method of drilling the wells is to sink an 
iron pipe down to the rock, and then to work the drilling 
tools within this pipe. 

Two methods of drilling are in use—the American 
system, in which the drill is suspended by a wire rope 
from a derrick and is actuated by a moving beam 
worked by an engine, and the Canadian system, in 
which the drill consists of a series of iron or tough 
wooden rods ending in a large auger. 

In wells of moderate depth the drilling may be finished 
in less than a month, but in the very deep wells, some of 
which may go down as far as 4,000 feet, the well may 
take a year to complete, especially if any accidents 
happen to the drill, necessitating tedious “ fishing ” 
for the broken bits. 

A more rapid method of sinking the well is that known 
as Leschot’s method. In this process the drill is made 
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in the form of a hollow-jointed rod ending in a point 
of diamond, iridium or hard steel, which when working 
is kept'cool by means of a current of water passing 
through the inside of the rod and issuing near the 
crown. 

Sometimes in drilling for petroleum the drill strikes 
upon a supply of the oil confined under pressure, and 
then,* without warning, the tools may be violently 
flung out of the boring and followed by a dense column 
of oil shooting two or three hundred feet up into the-air 
and running to waste. 

In America the most celebrated of these gushing or 
flowing wells have been found in Southern oil-fields, 
but they have been altogether surpassed in magnitude 
by some of the fountains at Baku. 

But, however titanic the initial outburst may be, 
the supply of ‘oil steadily diminishes, and eventually the 
well must become dry. THis stage may be accelerated 
by the presence of neighbouring wells, which, 
drawing their supply from the same strata, tend to 
starve each other. Hence when once a well has been 
bored, the work of collecting the oil proceeds as rapidly 
as possible. Any stoppage means a present of so much 
oil to the other wells, such as happens with water in 
the case of adjacent artesian wells in the London area. ' 

With the object of obtaining an increased yield of oil 
from poor wells, or of promoting the flow of oil in a well 
that has begun to give a diminished supply, resort is 
frequently had to the “torpedo.” This consists in 
introducing 4 heavy charge of nitro-glycerin or other 
-high explosive, and exploding it at the bottom of the 
well, Immediately after the dull report a stream of 
water and oil, carrying with it sand and fragments of 
shattered rock, is flung out of the well, to the height 
of a hundred feet or more. 
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This practice results in a quickened flow of oil, and 
in some cases it may be successfully repeated two or 
three times during the life of the well. 

Even in the case of the most prolific flowing wells 
the'natural outpour of oil ceases sooner or later, and 
pumps must then be used. The pumping process is 
often carried out by means of a central engine, which 
works the pumps in a large number of different wells, 
a great saving being thus gained over the older method 
in which each well had its own engine. 

During the first quarter of a century after the begin- 
ning of the American petroleum industry, the crude gil 
was pumped into wooden tanks or earthenware reser- 
voirs, and was generally refined in the neighbourhood 
of the wells. Open trenches for conveying the oil to 
the storage tanks were in common use, and contributed 
largely to the outbreak of the destructive fires- which 
were of frequent occurrence in the oil-fields. 

At the present time the risk from fire has been enor- 
mously reduced by the general adoption of the system 
of pumping the petroleum into iron receiving tanks. 
From these it passes by way of controlled valves into 
surface pipes communicating with a main line under- 
ground pipe, which conducts it directly to the refineries 
at New York, Philadelphia, and other places near the 
sea-board. 

The pumping stations, which are provided with 
pumps capable of dealing with 30,000 barrels of oil a 
day, are placed at distances about forty miles apart. 

Storage capacity is still essential on the oil-fields, 
for it frequently happens that the works dre unable 
to deal at once with the huge output,of oil from some of 
the wells. For this purpose there are provided huge 
iron tanks each capable of receiving hundreds of thou- 
sands of gallons of oil, and the area set apart for storage 
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may contain many dozens of such tanks. This arrange- 
ment enables the work of pumping the well to continue 
without intermission. 

The advantages of pipe lines for the rapid trans- 
mission of the crude petroleum for hundreds of miles 
are so manifest that the system has been adopted in 
many other oil-fields, and at Baku, in particular, there 
is now a huge network of pipes to convey the petroleum 
to the refining factories placed near the points of 
distribution. 

Distillation of Petroleum.—Reference has already been 
made to the drawbatks that prevented the general use 
of crude petroleum as a lamp oil, and to the fact that it 
was found possible to obtain a more satisfactory product 
by distilling the crude oil and separating the most 
suitable fractions of the distillate. 

Although distillation had frequently been tried upon 
a small scale long before it was introduced as a com- 
mercial process, it was not until 1820 that iron stills were 
built for the purpose at Baku, and another thirty years 
passed before distillation suggested itself as a means of 
rendering American petroleum fit for burning in lamps. 

The refined oil first produced in America was put 
upon the market under the name of “carbon oil.” 
Great quantities of it were distilled in the plant which 
had originally been erected for the distillation of shale 
and coal, and the owne:s of which were threatened with 
ruin when it was discovered that similar distilled oils 
could be obtained more cheaply from petroleum 
(Redwood). 

At first these oils found a ready sale, but as they 
still contained impurities which gave off an objection- 
able odour when burned, and caused charring of the 
lamp wick, their advance in popular demand was 
very slow. From the time, however, that it was found 
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that refined lamp oils free from these drawbacks could 
be obtained by subjecting the distillates from the crude 
petroleum to chemical treatment, the succéss of the 
petroleum oil industry was assured. 

In the process of refining, the crude oil is first 
distilled in immense iron cylinders, which are heated 
by means of fires, and the vaporised products are 
conducted through long coils of pipes, which are chilled 
outside by a constant current of cold water. In these 
pipes the vapours are reconverted into the liquid state, 
and the distillates issuing from them are collected ‘in 
different receivers. 

As the constituent hydrocarbons in petroleum oil 

boil at very different temperatures it is possible to 
effect a separation of the original substance into fractions 
which differ from one another in density, and in the 
temperature at which they ignite. 
*In the tnéermitient process of distillation the oil is 
distilled in one still under successively increasing 
temperatures, while in what is known as the continuous 
process, the oil is pumped through a series of stills, exch 
of which is heated at a temperature somewhat higher 
than its preceding neighbour. 

The details of the distillation vary according to the 
nature of the products required. Thus, when a large 
yield of illuminating oils is desired, the following process 
is used. After light petroleum oils of the naphtha 
type have passed over, the temperature is raised, and 
the distillate, now consisting of illuminating oils, 
is directed into another receiver. When the bulk of 
this fraction has been collected the “cracking ’”’ 
process is used. This consists in allowing the next 
portion of the distillate to fall back into the still, which 
has meanwhile been heated to a somewhat higher 
temperature. The denser oils intermediate between 
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those of the illuminating and lubricating type are 
in this way decomposed into less dense compounds, 
which when now allowed to pdss into the condenser 
have the characteristics of oil of the illuminating type. 

After as much lamp oil as possible has been obtained, 
the distillation is stopped, and the residual tar in the still 
transferred, together with similar tarry residues from 
other stills, into another still, where the whole is 
fractionated further into heavy oils, paraffin wax, 
and a final residue of tar and coke. 

In another process, to obtain more lubricating oil, 
the crude petroleum is distilled in the same way as far 
as the “ cracking ’’ operation, but the distillate is then 
catried into a second receiver, and not having been 
decomposed by falling back into the hot still, will consist 
of denser oils of the lubricating type. Another difference 
between these two methods is that in order to obtain as 
large a yield as possible of lubricating oils the distillatfon 
is assisted and rendered more regular by the introduction 
of a current of superheated steam into the still, in addi- 
tion to the source of heat outside the still. The amount 
of residue which is left in this process is considerably 
greater than in the other process, and is subsequently 
worked up into heavy lubricating oils, paraffin wax, 
and coke. 

In the continuous process of distillation the oil 
is passed from still to still, each of which, being heated 
at a constant temperature, furnishes a distillate of 
constant character. The yield of illuminating oils 
is smaller than with the intermittent process, but, 
on the other hand, the greater proportion of residue 
left in the stills is an advantage, since it fetches a high 
price as fuel. b ' 

Chemical Purification.—Although the ‘distillates ob- 
tained by these processes are much better suited for 
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commercial purposes than the crude oil, they still require 
much purification before they can be sold. 

It is absolutely essential that all sulphur should be 
eliminated from petroleum distillates, and in some 
works this is effected by treating them first with sul- 
phuric acid, then with caustic soda, and finally with 
litharge, which reacts with the sulphur, fixing it 
as insoluble lead sulphide. 

Generally the light fraction, consisting of naphtha, 
is chemically treated and then redistilled in a steam- 
heated still, and thus separated into three grades, which 
are termed “gasoline,” ‘commercial naphtha,” and 
“ benzine.”’ . 

The kerosene fraction from the first distillation also 
requires considerable purification before it is suitable 
for burning in lamps, and is therefore treated in a 
similar manner to the naphtha fraction, and graded 
into different qualities. The purest of these is almost 
entirely free from the traces of the tarry and other 
impurities, which, in an imperfectly purified oil, cause 
the wick of the lamp to char and emit a disagreeable 
odour on burning. 

The heavier fractions of the first distillation are 
worked up into lubricating oils. They are purified by 
chemical treatment and for certain purposes are also 
bleached and filtered, and the products are graded 
according to the purposes for which they are required, 
the lightest oils being known as “spindle oils,” and 
the heaviest consisting of ‘‘ heavy machine oils.” 

In addition to the machine oils prepared by distillation, 
a certain amount of lubricating oil is also made from 
special kinds of crude petroleum by a process of “‘ sun- 
ning,’ which consists in exposing a light oil to the 
air in an open vessel, so that as it evaporates spon- 
taneously a denser product is left. This concentration 
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is also accelerated in some cases by the aid of a slight 
application of steam, the oils being then termed 
“‘ reduced ”’ _ oils. 

Finally, the residues left from the last distillation 
are distilled at a high temperature in steel stills of 
special construction, the last fractions of the distillate 
consisting of paraffin wax in a relatively pure condition, 
while the residue consists of pitch or asphaltum. The 
wax is freed from water, and then cooled by means of 
ammonia refrigerators, which cause it to become solid, 
after which as much of the retained oil as possible is 
expressed -in a filter-press. The solid mass is now 
melted once more, and decolorised by filtration through 
animal charcoal, and is finally allowed to crystallise 
and pressed into compact blocks in a hydraulic press. 

The proportion of these different purified produets 
varies considerably with the nature of the crude petro- 
leum and the treatment. Thus, an oil’ may yield as 
much as 80 per cent., or as little as 20 per cent. of 
illuminating oils, while the yields of lubricating oils may 
range from nothing to about 25 per cent., and that of 
the coke or asphaltic residues (including waste in working) 
may be as high as 28 per cent. 

Testing Petroleum Products.—The different classes of 
oils refined by methods such as those described are all 
subjected to special tests before being put upon the 
market. In particular it is essential that the kerosene 
oils intended for lamps shall be free from fractions of 
the distillate that give off inflammable vapours at a low 
temperature. 

For this purpose what is known as the “ flashing- 
point ’’ is determined. This consists in heating the oil 
gradually and under constant conditions in a special 
apparatus in which is a thermometer, and applying 
a light from time to time ‘to the vapours expelled by the 
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heat. The temperature at which these ignite is the 
“ flashing-point.” 

The light naphtha fractions, including benzoline and 
petrol, give off inflammable vapours at very low tem- 
peratures, and as these form explosive mixtures with 
air it will be readily understood how a small proportion 
of such compounds in lamp oil has been the cause 
of innumerable fatal accidents. 

Prior to the recent rapid development of the motor 
industry and the consequent demand for petrol, there 
was less commercial inducement to free the kerosene 
oils completely from the fractions of lower boiling point, 
and hence many of the cheaper grades of paraffin oils 
were dangerous to use. In some countries the flashing- 
point was legally fixed at temperatures that were barely 
sufficient to ensure safety, even when lamps of proper 
construetion were used, and oils were frequently put 
upon the market that were far from giving even this 
minimum of security against explosion. At the present 
time the value of the light naphtha fractions is in itself 
a safeguard, since care is now taken to separate them 
more effectually from the kerosene fractions, and in 
consequence cheap illuminating oils are much safer 
than was the case a few years ago. 

The chief requirements, apart from a low flashing- 
point, of a good lamp oil, are that it shall be free 
from acid and sulphur, and that it shall be colourless, 
or nearly so. The presence of acidity, left from the 
refining process, is objectionable, since it causes charring 
of the wick in the lamp, while sulphur compounds give 
off an obnoxious odour when burning. The degree of 
colour affords a rough indication of the amount of 
impurities in an oil, and refined oils are classified into 
various grades, according to their position in the colour 
scale. 
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Thus, in the American trade the best product is 
known as water-white kerosene; then comes prime 
white kerosene, and standard kerosene, the colour of 
which is distinctly yellow. These descriptions are 
also in common use for recognised qualities of oil in 
this country. 

In testing lubricating oils the most important points 
to be determined are the viscosity and the behaviour 
under heat and cold. The viscosity, or in other words, 
the speed at which an oil will run through a small 
opening, is usually determined in a special apparatus 
and the result compared with that given by water or 
by rape oil in the same apparatus and at the same 
temperature. 

The particular temperature at which the test should 
be made will obviously depend upon the use for which 
the oil is intended. Thus, a lubricating oil for the 
cylinders of a marine engine is tested at a very much 
higher temperature than an oil to be used for lubricating 
cold machinery. 

Another method of testing the mobility of a lubricating 
oil is to cause a small metal disc to revolve by means of 
clockwork within the oil, and to count the number of 
revolutions made in a given time under standard 
conditions of temperature and driving power. 

The flashing-point of engine oils is also a matter of 
great importance, as it is essential that no inflammable 
vapours should be given off at temperatures to which 
the oil would be likely to be subjected suns the 
working of the engine. 

Again, Sirice a lubricating oil may be subjected to low 
temperatures, it is necessary to determine at what point 
it becomes turbid or congeals. The best qualities of 
cylinder oil are expected to remain fluid at temperatures 
between 50 and 60° F.-on the one hand, and on the 
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other hand to be capable of being heated to high 
temperatures without giving off inflammable vapour. 

It is also imperative that lubricating oils should not 
contain the slightest trace of mineral acid, since other- 
wise rapid corrosion of the bearings, etc., of machinery 
may result. The proportion of tarry and coke-like 
substances in an oik is a further important factor in 
determining its suitability for certain purposes, «.g., 
turbines; and methods are now employed to determine 
the amounts of those substances that would probably 
be formed in practice. The smaller the proportion of 
tar and coke formed in an oil after having been exposed 
for some time at a high temperature, the better the 
quality of the oil. 

In addition to the foregoing tests determinations are 
made*as to the “ gumming”’ tendency of an oil, or in 
other words, its liability to become viscid and sticky 
after having been in use for some time. This change 
is due to the absorption of atmospheric oxygen. Hence 
the measurement of the rate of absorption of free 
oxygen affords a useful measure of its ‘ gumming”’ 
tendency. 

For instance, in a comparative experiment a sample 
of a mineral lubricating oil absorbed only 0°7 per cent. 
of oxygen in ten hours at a high temperature, whereas 
cotton seed oil under the same conditions absorbed 171 
times its weight of oxygen, and became so viscid that it 
would have been useless as a lubricant. 

Naphthas.—The light products of distillation at the 
other end of the scale to the heavy lubricating oils are 
tested as to their freedom from acidity, and are graded 
in accordance with their boiling points, and specific 
gravity. Their ready volatility and power of forming 
explosive mixtures with air are utilised in driving petrol 
engines of every description. 
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Paraffin Wax.—The higher the solidification point of 
paraffin wax the greater its value for candle-making, 
and accordingly paraffin waxes are tested and graded 
in accordance with the temperatures at which they melt 
and become solid again. 

It is commonly accepted that a transparent wax is 
of better quality than an opaque wax, for manufacturets 
regard;transparency as a proof that the oil has been 
completely expressed from the wax. This belief, 
however, is not borne out by experimental results, since 
it is quite possible for transparent and opaque samples 
of wax to contain approximately the same amount 
of oil. 

Oil from Natural Gas.—During the last few years 
many ingenious methods of meeting the demand for 
light petroleum spirit have been tried. The most 
successful of these has been the condensation of part 
of the natural gas emitted from the oil-wells in America 
and Galicia. , 

The gas is collected and passed through compressors, 
where it is fractionally compressed at pressures ranging 
from 17 to 20 atmospheres, and at temperatures below 
32 deg. F. The richest gas found in America usually 
yields from 40 to 46 litres of gasoline per 100 cubic 
metres. The compressed liquid is colourless or light 
brown, and has a specific gravity ranging from about 
0°650 to 0°770. 

Some of the compounds in the natural gas are only 
just liquefiable under these conditions, and afterwards 
evaporate when exposed to the air under normal con- 
ditions, thus causing a loss of spirit. These are tech- 
nically known as “ wild products.” The residue of 
uncondensable or ‘‘ exhaust gas ’’ from the compressors 
is used to drive engines or heat stills, or is sold to the 
gas companies for lighting purposes. 
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The condensed gasoline is officially known as Mguefied 
petroleum gas in the United States, and must have 
a lower vapour pressure than 10 lbs. to the square inch, 
at 90 or 100 deg. F., according to the time of the year. 
It is said to have given good results when used by itself 
in motor engines, though it has been known to cause 
troubles through its want of homogeneousness. It is, 
however, more.generally mixed with the lighter fractions 
from the refineries. 

According to the published statisti¢s, the total pro- 
duction of gasoline from natural gas in the United States 
in 1911 was 7,425,839 gallons by 176 works. In 1912 
the output had risen to 12,081,179 gallons from 250 
works, while in 1913 the production exceeded 16,000,000 
gallons. The market price ranged from 5d. per gallon 
in the Gillcrease district to 7d. to 9d. per gallon in 
California. 

The gas from the Galician oil-fields gives a very much 
lower yield of gasoline than the American natural gas, 
and with petrol at a normal price hardly repays the cost 
of condensation. 

Uses of Petroleum.—In addition to their use as 
iluminants and for driving and lubricating engines 
of various~kinds, there are many other directions in 
which petroleum products are of service to mankind. 

Thus, in medicine, the semi-solid petroleum derivative 
known as vaseline, petroleum jelly, etc., meets a long- 
desired want for a substance that would act as a vehicle 
for the active drugs in an ointment, while itself remaining 
relatively unaltered on exposure to the air. 

Vaseline and deodorised paraffin oil are also used 
as the basis of many of the most widely advertised hair 
restorers. Employed in this way they probably have 
both a strong antiseptic action upon micro-organisms, 
while at the same time stimulating the growth of the hair. 
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It is largely to paraffin oil, also, that Sierra Leone, 
“the white man’s grave,”’ and the haunts of malaria 
all over the world owe the great improvement that has 
taken place in their formerly deadly conditions. The 
discovery that’ yellow fever and malaria were spread 
by the bites of particular species of mosquitoes was soon 
followed by attempts to stamp out the cause by 
destroying the mosquitoes while in the larval condition 
in ponds and stagnant pools. 

Wherever it was not found possible to drain away the 
water, a thin layer of paraffin oil floated upon the 
surface proved an effectual means of destroying the 
larvee. 

Another important application of petroleum products 
is as a source of oil gas, a large proportion of which is 
derived from the so-called “ gas-oils”’ obtained from 
the tar-stills. The gas from this source is of the greatest 
value for illuminating purpose in remote places such as 
light-ships, and it has also the merit of being readily 
compressible, and so easy of transport. Oil-gas is now 
frequently employed for lighting the carriages on 
railways. It is also added to poor coal-gas to obtain 
a product richer in illuminating hydrocarbons. 

In the kerosene lamps used with incandescent mantles 
the oil is vaporised by heat and burned with an ad- 
mixture of air so as to obtain an intensely hot non- 
luminous flame similar to the blue flame of a Bunsen 
gas burner. The kerosene vapour burned in these 
lamps differs from oil gas in the fact that, if cooled, it 
would become liquid again, whereas oil gas has to be 
subjected to considerable pressure before it liquefies at 
the ordinary temperature. 

Petroleum products are also being used in increasing 
quantities for fuel, and being readily handled, as com- 
pared with coal, and having a greater heat-producing 
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capacity, they are particularly valuable for marine 
engines. The extent to which they are utilised for 
locomotives is shown by the fact that in 1907 the amount 
of oil consumed on the railroads jn the United States 
was 18,855,691 barrels. 

Wherever other kinds of fuel is scarce the use of 
petroleum fuel has been the greatest boon to industries 
of every kind. Thus, on the Baku oil-fields the residues 
from the still are burned to supply the heat for the 
distillation of crude oil. 

The type of furnace now employed dates from 18685, 
when it was patented by Aydon Wise and Field. In 
this the oil is sprayed from a fine jet into the hot 
furnace, where it meets a supply of air in sufficient 
quantity to effect its combustion. The discovery of 
this process and the many mechanical improvements in 
the methods of admitting the spray of oil have had much 
to do with the growth in favour of petroleum as a fuel, 
and at the present time many oil-fields which yield oils 
of low quality little suited for illuminating purposes are 
profitably worked owing to the demand for oil as fuel. 

The various paraffin waxes, which are now among the 
most important products of the petroleum industry, are 
used for many technical purposes. Those of higher 
melting point are employed in enormous quantities in 
the manufacture of wax candles, while the softer waxes 
are used in the preparation of floor polishes and as a 
neutral basis for ointments. Other uses to which 
paraffin wax is put include the coating of the interior 
of barrels, so that the liquid carried in them shall not 
extract colouring matter from the wood; the prepara- 
tion of waxed paper; insulation of electric bell wires ; 
the waterproofing of textile fabrics; and innumerable 
other purposes. 

Even the residues in the stills, when not used for fuel 
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as in the Baku oil-fields, are worked up into serviceable 
products. Thus, chemical treatment of the tarry 
matter yields pigments of all colours, analogous to those 
derived from the coal tar of the gas works; while 
the coke when ground to a fine powder and compressed 
into sticks is utilised as the carbon for electric arc 
lamps. 

The Future of Petroleum.—Fortunately the time is 
still remote when the problem of what is to take the 
place of petroleum products will become an urgent 
question, but it is none the less surely approaching. 
Whereas, in the case of vegetable and animal oils the 
supply is inexhaustible so long as life continues on the 
earth, the petroleum deposits on the other hand, were 
formed in ages past, and when once used up are not 
replaceable. ' 

The history of the dead cities of the American oil 
fields pictured by de Fonvielle is a striking example of 
the sudden manner in which an abundant supply of 
oil may fail, and there can be no doubt that the same 
exhaustion awaits even the most prolific oll- fields of 
to-day. 

Before the time of oil famine comes, however, there 
are vast deposits to be worked all over the world. It 
is probable that in America the richest deposits have 
already been tapped, but in Russia, there are still 
immense areas as yet untouched, and it seems not 
unlikely that within a few generations the world’s 
supply of petroleum products will be mainly drawn 
from the undeveloped oil-fields of Asia. - 

With the failure of the great oil centres of to-day, the 
numerous less important oil-producing districts in 
India, Canada, South America, Africa and other parts 
of the globe will receive more attention from the cap- 
italists, and wells in the older areas that have been 
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abandoned owing to their scanty supply of oil will 
again be worked. 

As to what will be done when the final period of 
exhaustion arrives, as it inevitably must, we can only 
hazard a guess. But whatever means may be discovered 
of filling the gap left by the failure of petroleum, it is 
unlikely that the world will ever again enjoy the use 
of a substance that may be utilised in so many directions. 


APPENDIX 
THE TRADE IN OIL 
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Book-keeping and Office Work 
By R. J. Portrmrs, F.C.R.A. Two Vols. . . Net 


Book-keeping for Beginners 
By W. E. Hooper, A.C.1S.  . . . 
3 


. Net 


PRIOR 


67/6 


10/8 


5/- 
7/8 


20/~ 


2/8 
6/- 
7/8 
21/- 
4/6 
10/6 
3/6 
4/- 
20/~- 
30/- 
2/- 


Book-keeping and Accountancy—contd. 


peck Seer ing for Retailers 


By H. W. Pornrirr and W. Nioxsan, AS.A.A. 


Book-keeping | for Shopkeepers 

By J. Grate, F.O.1. - 
Book-keeping, Modern Methods of 

By R. H. Erps, Chartered Accountant 
Branch Accounts 

By P. Taceanrr. A.8.A.A. 
Builders’ Accounts and Costs 

By Rogsgrt G. Laace : . 
Business Book- -keeping 

By J. Routiay ° i * 
Club Accounts 

By ©. A. Houtnimay, A.S.A.A. . ° 
Commercial Goodwill 

By P. D. Leary, F.0.A. ; ; 
Company Accounts 


A.C 


Consignments, Account Sales, and Accounts 


Current 
By E. J. Hammonn, Pere ALAA. 
Cost Accounting 
By W. B. Lawrenor, O.P.A. 


Cost Accounts in Principle ‘and | Practice 


By A. Currrorp Rmeway, F.C.A. 


Cost Accounts for the Metal Industry 


By H. E. Parkes, M.Oom., A.C.W.A. 
Costing and Price Fixing 


By J. M. Soorr MAXWELL, B.Sc., F.0.W.A. 


Costing, A Primer of 
By R. J. H. Ryawu 
Costing, Dicelonsry of 
By R. J. H. 
esune Theory and Practice of 
y E. W. NEwmMan, F.C.A, ; 
Gag for Manufacturers 
By C. Smrrn . 
penredados and | Wasting Assets 
By P. D. Leaxrs, F 
Dictionary of Book-keeping 
By R. J. Portrens, F.C.R.A. * 
é 


@ 


» 


By oe CoLEs. Revised by W. 0. Woon, 


2 


Net 


Net ” 


Net 
Net 
Net 
Net 


s Net 


Net 


Net 


Net 
Net 
Net 
Net 


Net 


. Net 


Newt 
Net 
Net 
Net 


- Net 


PRICE 
8} 
2/8 
4a/- 
8]- 
8/6 
3/6 
378 

21/- 


7/6 


6/- 


5/- 
10/6 
€/- 
5/- 


84 
5/- 
15/- 
7/8 


Book-keeping and Accountancy—contd. 


Estimating 

By T. H. Harcrave ; : . , . Net 
Executorship Accounts 

By ©. TownsEnp . ‘ . Net 
Foreign eeoanes: Accounting — 

By C. Diuordp - - Net 


Full Course in Book-keeping 

By H. W. Porrirr and W. Nicxuin, A.S.A.A. Net 
Graded Book-keeping Exercises for 

Commercial Schools 

By A. J. Favei., B.Sc., A.C.ES9. 
Higher Book-keeping and Accounts 

By H. W. Porrirr and W. Nicxiin, A.S.A.A. Net 
Holding Companies 

By A. J. Smowons, A.C.A. (Hons.) : 5 - Net 
Hotel Book-keeping _.. ; ; : . Net 
Manual of Cost Accounts 

By H. Joxrus Lunt, F.C.A., F.C.1.S8., F.OW.A. Net 
Notes of Lessons on Book; keeping — 

By J. Rovtitpy , . Net 
Practical Auditing 

By E. E. Spicer, F.C.A., and E. ©. Paaumr, F.0.A. Net 


Principles of Accounts 
at J. STEPHENSON, M.A., oe D.Sc. 


Part I, 8/6 Part. II 
Principles of Auditing 
By F. R. M. De Pavuna, O.B.E., F.C.A. . ~ Net 
ge ae of Book- keeping Pxpiamed 
. H. HuMparRys ‘ . Net 


Gana. and Answers in Book- keeping and 
Accounting. By F. F. SHasies, F.S.4.A. . Net 


Railway Accounts 
By C. H. Newron, F.A.A. . . Net 


Sharles’s Elementary Book- -keeping 
By F. F. SHaruzs, F.S.A.A., F.C.1S. . ° ; 


Shopkeepers’ acount simpbnec 
By ©, D. CoRNELL ‘ - Net 
Sinking Funds, Reserve Funds, and Deprecia- 
tian. By J. H. Bumron, A.S.A.A. ; . Ne 
5 


7/6 
5/- 
15/- 
5/- 


2/- 
§/- 


10/6 
2/6 


7/8 
3/6 
21 /- 


6/- 
7/8 
2/6 
10/6 
10/6 
3/6 
2/— 


3/68 


CAREERS, ETC. 
Authorship and Joeraevem 


By Auazar E, Box. ’ . . - Net 
Banking as a Career 

By F. A. Wuaatan, Cert. ALB. A ‘ . Net 
Game of Commerce, The 

By Herpreet KEnpricx . - Net 
How to Become an Auctioneer and Estate 

Agent 

By W. F. Noxgs, F.A.T. - Net 
How to Become a Company Secretary 

By E. J. Hammonn, A.C.LS8S. . - Net 
How to Become a Private Secretary 

By J. E. McLacuzian, F.1.P.8. (Hons.) 5 Net 
How to Become a Qualified Accountant | 

By R. A. Wrrry, F.S.A.A. p : ‘ . Net 
How to Choose Your Career 

By W. Lesur Ivey, M.C. ‘ - ‘ » Net 
How to Secure a Good Job 

By W. Lesim Ivey, M.C. ‘ P ‘ - Net 
Journalism as a Career 

Edited by W. T. ORANFIELD . ‘ ‘ - Net 


CIVIL SERVICE 
Civil Service Arithmetic Tests 


By P. J. VarnLtey-Tireron ‘ ‘. - Net 
Civil Service Essay Writing 

By W. J. Appis, M.A. ‘ “ - Net 
Civil Service Guide 

By A. J. Lawrorp JONES ‘ Net 
Civil Service Practice in Précis Writing | 

Edited by Arnruur REYNOLDS, M.A. (Oxon) » Net 
Copying Manuscript, Orthography, Hand- 

writing, etc. 

By A. J. Lawrorp Jongs ; ‘ ‘ - Net 
Elementary Précis Writing. 

By Waurer SHawcross, B.A. . - Net 


Guide to Indexing and Précis Writing 
By W. J. Weston, M.A., B.Sc., and E. Bowker Net 


§ 


PRICE 
3/6 
3/6 
3/6 


3/6 
3/6 
3/6 
3/8 
3/6 
3/6 
5/- 


2/6 
2/6 
2/6 
2/8 


3/6 
2/- 
2/- 


COMMERCE, ETC. 


Commerce for Commercial and Secondary 
Schools 

By A. J. Favenn, B.Sc.(Eoon.), AGIS. . . 
Commerce, Stage I 

By A. James, F.F.T.Com., F.R.Eoon.S.  . ‘ . 
Commercial Handwriting and Corre- 

spondence o 6 © 6 6 6 Net 

Commercial Practice 

By AL¥YRep SCHOFIELD, B.Sc. (Eoon.) . ~ Net 
Elements of Commerce 

By F. Heywoon, F.C.1LS. , , ‘ . Net 
How to Study for Examinations 

By D. Coopmr 3 : ‘ e ° 
Manual of Business Training ‘ : . Net 
Modern Business and Its Methods 

By W. Campseuy, Chartered Secretary . . Net 
Poptifar Guide to Journalism 

By A. KIna@sTon : Net 
Practical Journalism and Newspaper Law 

By A. Baker, M.J.1., and E. A. Cope. Net 


Saat and Practice of Commerce 
By Jasums Stepypnson, M.A., M.Com., D.Sc. . Net 


Principles of Business 
By James StepHEenson, M.A., M.Com., D.Sc, 
Part I, Net 3/6; _—.. . 7 - Part i, Net 


Questions and Answers on Commerce. Stage I I 
By A. J. Favex., B.Sc. (Econ.), A.C.1.8. . 
Questions and Answers on Business Practice 
By E. J. Hammonp, A.O.L8., ALAA. . Net 
Routine of Commerce 
By ALFRED SCHOFIELD, B.Sc.(Econ.) ° - Net 
Short Story Writing and Free Lance 
Journalism 


By Sypnry A. Moseiny . ‘ ‘ - Net 
Theory and Practice of Commerce 
Edited by FI. Hrxzis, F.C.I P ‘ - Net 


Wholesale and Retail Trade 
By W. CaMpBEIL . é ‘ - Net 
1 


3/6 


2/8 
3/6 
4/- 


2/- 
4/- 


7/6 
2/8 
3/6 
8/6 


3/6 
2/6 
5/- 
4/~ 


7/6 
7/8 
5/- 


ENGLISH AND COMMERCIAL 
CORRESPONDENCE 


Business Letters in English | 

By W. J. Wuston, M.A., B.Sc, ‘ - Net 
Commerce and Correspondence 

By E. H. Grout, B.8Se.(Keon.) ° : i 
Commercial Correspondence = Gani ee 


English ; Net 
Commercial Dictionary. ; ; . Net 
Correspondence of Commerce, The 

By A. Rispon Paumen, B.S8c., B.A. ‘ . Net 
Dictionary of Correct English, A 
By M. A. Por, M.A. Net 


English and Commercial Correspondence 
By H. Nagaoka and D. THrorniivs, B.A 
English Composition and Business 
Correspondence 
By J. F. Davis, D.Litt, M.A., LL.B. (Lond.) . Net 
English Exercises. A Book of vomonys= 


By B. 8, BarRerr P - 


English for Commercial Students 


By H. W. HovuaurTon . - Net 
English Grammar and Composition 

By W. J. Wraron, M.A., B.Sc. (Lond.)  . . Net 
English Mercantile Correspondence . Net 


Guide to Commercial Correspondence 
By W. J. Wreron, M.A., B.Sc. (Lond.) . ° 


How to Teach Commercial English 


By Wattpr SHAwoross, B.A. . - Net 
Manual of Commercial English 
By Waurrer SHawoross, B.A. . - Net 


Manual of Punctuation. By W. D. WEBSTER 
New i Spelling Manual 

By H. J. Bower. : ‘ ’ J 
Pocket English Dictionary — Net 
Principles and Practice of Commercial Corre- 

spondence. By J. StmpHenson, M.A., M.Oom. Net 

Punctuation as a Means of- ie one 

By A. E. Lover, M.A. . - Net 
Synonyms and Antonyms, Pitman’s Book kad 


3/6 
§/- 


3/8 
if 


2/6 
3/6 


2/- 
3/6 
2/6 


4/6 
346 


2/6 
3/6 


3/6 
1/- 


2/6 
18 


718 
1/- 
2/6 


GEOGRAPHY AND HISTORY 


PRICE 
Commercial Atlas of the World : ~ Net 8/- 
Commercial Geography of the British Empire 
Abroad and Fore Countries. . Net 3/- 
Commercial sa la of the British 
Isles . , . Net 2/8 


Commercial eoscauns a the World . Net 4/6 
Commercial History 


By J. BR. V. Marcuant, M.A. ° ‘ - Net 58 
Economic Geography 

By John McFar.iane, M.A., M.Com. : Net 10/6 
Economic Geography, The Brinciples of 

By R. N. Rupmoss Brown . . Nett 6/- 
Economic Resources of the Empire 

Edited by T. Worswick, O.B.E., M.Sc. . . Net 5/- 
Elements of Commercial i cece 

By C. H. Grant, M.Sc., F.R.Met.So ‘ . Net 2Q/- 
Elements of Commercial ee 

By Frep Hatt, M.A., B.Com., F.C.1.8. . . Net 2/- 
Geography of Commerce, The 

By W. P. Rorrer, M.Com. . ; . . Net 5/- 


peer. of Commerce, The 
By T. G. Wri114Ms, M.A., F.R.Hist.S.,F.R.Econ.S. Net 65/- 


Main ie of Social and Industrial Change, 
1870-1924 


By T. G. Witiiams, M.A. : : . Net 6/- 
Outlines of the Economic History of England ° 
By H. O. Mereprru, M.A.,M.Com. . 7/8 


peor of Commercial History 
y J. STEPHENSON, M.A., M.Com., D.Sc. - - Net 7/6 


Rise of British Commerce, The 


By K. G. Lewis, B.A., and N. Branton * . 8/6 
Statistical Atlas of the World, A 
By J. SrapuEnson, M.A., M.Com., D.Sc. . Ne 7/6 


2 9 


ECONOMICS 


Dictionary of Economic and Banking Terms 
By W. J. Wzsron, M.A., B.Sc., and A. Crew . Net 


Economics Educator 


Edited by J. H. Jonze, M.A. Three Vola. » Net 
Economics for Business Men 

By W. J. Wueron, M.A., B.Sc. ; : . Net 
ononcs for Everyman 

By J. BE. La Rossienon ; . Net 
Economics of Private Enterprise, The 

By J. H. Jonus, M.A... Net 
Economics of Instalment Trading ‘and ‘Hire 

Purchase. By W. F. Crick . . Net 


Economics of the Manufacturing Busines 
By W. A. Stewart Jonzs, F.C.W.A., F.S.S. ° 


Economics of the Wholesale and Rest Trade 
By James STerHEenson, M.A., M.Com., D.S 


Elements of Political onony 


By H. Har, B.A. ; A - Net 
Exercises in Economics 
By A. Prummer, M.So. (Eoon.), M.A., LL.D. . Net 
Guide to Political eoneray. 
By F. H. Srenome, D.8c., LL.B . ° - Net 


Industrial Combination in : England 
By P. Frrzarratp, D.Sc.(Eco . 
Introduction to Business eae 
By J. Srmpomnson, M.A., M.Com., D.Sc. ° ; 
Outlines of Central Government 
By Jonn J. CLARKE, M.A., F.S.8. . ; Net 


Outlines of Industrial and Social Economics 
rica CLARKE, M.A., F.S.S., and James E. as 


Outlines of Local Government of the United 
Kingdom (and the Irish Free ot) 


° Net 


By Joun J. Cranks, M.A., FSS, . . Net 
Plain Economics : 

By Joun Les, M.A., M.Com.Sc. . ‘. - Net 
Eeincipies of alc : 

By L. A. . ° - Net 
Scheu: of feos =spenely acer peg The 

By H. A. Su.vernman, B.A, "(Bcon.) . ‘ - Net 


10 ‘ 


5/- 
63/- 
3/6 
5/- 
7/8 
5/- 
3/6 
5/- 
2/- 
2/- 
3/68 
10/6 
8/8 
§/- 


1/6 


5/- 
3/6 
16/- 
6/- 


BANKING AND FINANCE 


Answers to Questions Set at the Examina- 
Be of the Institute of Bankers 
y L. L. M. Morvry, Ph.D., B.So., Eoon., B.Com.— 
Exohange, Port t & Part it Each Net 
EKoonomics, Part I & Part II . Each Net 
i as Grammar and Composition, Part I Net 
Part IT Net 


Banker as a Lender, The’ 

By F. E. Sree. ‘ ° ‘ « Net 
Bankers’ Advances 

By F. R. Sreap. Edited by Sm Joun Pacer, K.0. Net 
Bankers’ Advances Saaluet Produce 

By A, Wrirtams, A.1L.B. Net 


Bankers and the Property Statutes of 1925 a 


and 1926. By R. W Jongs 
Bankers’ Credits 


By W. F. SPALDING - Net 
Bankers’ Securities Against Advances 

By Lawrence A. Foaa, Cert. A.I.B. . Net 
Bankers’ Clearing House, — 

By P. W. MatTrHEws . : ‘ . Net 
Bankers’ Tests 

By F. R. Streap ‘ . Net 
Bank Organization, Management, etc. 

By J. F. Davis, M.A., D.Lit., LL.B. (Lond.) . Net 
Bills of Exchange Act, 1882, The 

By M. H. Mearag, B.Com. , Net 


Bills of Exchange Acts, A Practical Exam- 
ination of the 


By C. H. Fenweiy . ° ° - Net 
Cheques. By C. F. HienabRD: a> a x. iNet 
Dictionary of Banking 

By W. THomson. Net 


Dictionary of Banking Terms in Three 
Sg ae (eneten- -French- cerman) 
L. HeRENDI Net 
Dicdouacy of the World’ s Currencies and 
Foreign Exchanges 
By W. F. Sparpine . - Net 
Discount Market in London, The 
By H. W. Greencrass . ° - Net 
11 


10/6 
6/- 
7/8 

10/6 
6/- 
6/- 
7/8 
6/~- 

30/- 


21/~ 


30/- 
6/- 


Banking and Finance—contd. 
_ Exchange, GUrTency — seasid 


PRICE 


By W. F. SPALDING ; - Net 1g/- 
oe of Banking 
J.P. Gannpy ° - Net 2/- 
Bhi Banking Administration, _ Outline of 
By Josgzen Syxus, B.A. (Hons.) ' - Net 28 
a Banking Methods 
By L. L. M. Murry, Ph.D., B.Sc., B.Com. . Net 15/- 
English Composition and Banking Corre- 
spondence 


By L. E. W. O. Forieroox-Leaeatt, M.C., B.A. Net §/- 
roelen _ Banking Systems 


PaRKER Wits and B. H. Beckuarr . Net 21/- 
. Exchange and Foreign Bills in Theory 
and in Practice. By Ww. F. SPALDING . Net 7/6 
Foreign Exchange, A penne a 
By W. F. Spaupine : . Net 3/6 
Foreign Exchanges, Arithmetic id Practice 
of the. By A. G. Suaa, Cert. A.I.B. . . Net 38/6 
Poreign Trade, The eimance of 
By W. F. SPALDING , ‘ 5 . Nee 78 
Functions of Money, The 
By W. F. SPALDING , ‘ : - Net 7% 
London Money Market, The 
By W. F. SPALDING ‘ ‘ - Net 10/6 
money: Exchange, and Banking 
By H. T. Easton, A.I.B. ; . Net 6/- 
Notes on Banking and Commercial Law 
By T. Liuoyvp Daviss i Net 3/- 
Practical Banking 
By J. F. G. Baaenaw, Cert. A.LB. Net 7/6 
Theory and Principles of oa Banking. pis 
By Wirz1aM A. Suaw, Litt.D 12/6 
pheory and Practice of Finance, The 
y W. Cottin Brooxs . . Net 10/4 


nae Deeds Old and New 
By Francis R. Sreap. - : ° ~- Net 6&/- 


12 


INSURANCE 


Actuarial Science, The Elements of 
By R. E. UnpERwoop, M.B.E., FLA.  . . Net 
Average Clauses and Fire-Loss Apportion- 
ments. By E. H. Muynion, F.O.11. . . Net 


Building Construction, Plan Drawing, and 
Surveying in Relation se Insurance 


By D. W. Woop, M.B.E. ; . Net 
Burglary Risks 
By E. H. Groot, B.8c., A.C.LI. . ‘ Net 
Business Man’s Guide to eneurency: The 
By A. PHILPOTT. . ; ‘ Net 


Casualty Insurance 
By C. J. CROBAUGH, M.A., and A. BE, Reppine, B.S. Net 


Compound Interest, Principles of 
By H. H. Epwarps ‘ . » Net 


Dictionary of Accident Insurance 
Edited by J. B. Wetson, LL.M., F.O.LL, F.C.18. Net 


Fire Extinguishment and Fire Alarm eyetems 
t 


By R. Nortuwoop Ne 
Fire Insurance, Common Hazards of 

By W. G. Kusier Rivrey, F.OC.1.1. . - Net 
Fire Insurance, Dictionary of 

Edited by B. C. Remineron, F.C.L1. Py Net 
Fire Insurance, Principles and practice of 

By F. Gopwin : Net 
Fire Insurance, The Law of 

By J. Rowxatt, B.A. : . Net 
Fire Policy Drafting and Endorsements 

By W. C. H. DarLey i ; . Net 
Fire Waste. By G. E. Kray . : ; . Net 
Guide to Marine mneurence 

By Henry KATE . : ‘ ; . Net 
Insurance 

By T. E. Youna, B.A., F.LA., F.R.AS. . ~ Net 


Insurance Office Organization and Routine 
By J. B. Wetson, LL.M., a Bie sia H, 
SHERRIFF, F.1.A. P Nat 

Insurance of Profits. By A. G. ne . Net 

Insurance of Public Liability a 
By 8. V. Kmexparrict, F.C.I1.I. : - Net 

13 


PRICE 
5/- 


8/6 


6/- 
10/6 
3/6 
25 f- 
5/- 
60/- 
76 
5/- 
80/- 
5/- 
7/6 


7/9 
2/6 


3/6 
10/6 
78 
5/- 
5/- 


Insurance—contd. 
pan ee eee ee oeney uerenteey 
By C. Evans and F. H. Jones : Net. 


Law of Accident and Contingency Insurance 
By F. H: Jones Net 


Law of Negligence 
By J. B. Wetson, LL.M., F.C.LL1L., F.0.18. - Net 


Life Assurance from Proposal to Policy 
By H. Hosxine neers eames aie ane Ww. 
Tyuimr, FLA. Not 


Life Assurance, Dictionary of 
read aaa W. cacriei aca arta H. raaiacticas 


Life Mawutauee: Guide te 


By S. G. Leman, F.LA. . ‘ e » Net 
Marine Insurance of Socds: The 

By F. W. 8. Poote ‘ ‘ - Net 
Motor Insurance. By W. F. Topp , . Net 


Pension and Superannuation Funds, Their 
Formation and Administration Explained 
By Bernarp Ropmrrson, F.1.A., and H.Samvunis Net 
Pension, Endowment, Life Assurance, and 
Other Schemes for a ea tae Saar 

By H. Dovenarry, F.O.1.1 - Net 
Personal Accident, Disease, andl Sickness 
Insurance, The ate a ond pe meuce of 


By J. B. Werson, LL.M. .- Net 
Payelonogy and Anatomy 
y H. Garpingr, MS., F.R.CS. ; ‘ - Net 
ca and Practice of Accident snaurance 
By G. E. Bangrerp, AOI. ‘ - Net 


Principles of Insurance. By J. Aurrep EKE Net 
Successful Insurance Agent, The 


By J. Js Brisaoon, B.A., F.O.LS., J.P. e e Net 
Talks on Insurance Law 
By J. A. Warson, B.Sc., LL.B. . ‘ - Net 


Workmen’s Compensation Insurance 
By O. BE. Gorpine, LL.D., F.C.LI., F.8.8. - Net 


14 


PRICE 
6/- 


7/6 
5/- 


6/- 


50/- 


5/- 


15/- 
6/- 


5/- 


6/- 


5/- 


10/6 


§/- 
2/6 
3/6 
5/~ 


SHIPPING 
= -— zeent Costs 
BE. Crosrreip ~ Net 


sleet Handbook and Glossary, The 
By ¥. M. Duprenry ‘ Net 


How to Export Goods. By F. M. pines - Net 
How to Import Goods. By J. A. Dunnace . Net 
Import and Export Trade. By A.S. Harvey Net 
Importer’s Handbook, The. By J. A. Dunnace Net 


Manual of Exporting 
By J. A. Dunnaae, F.S.8S., F.0.1., A.M.Inst.T. . Net 


Shipbroking, Introduction to 


By ©. D. MacMurray and M. M. CREE . . Net 
Shipping. By A. Hawt and F. Hzywoop . Net 
Shipping and Shipbroking 

By 0. D. MacMurray and M. M. Cree . - Net 
Shipping Business Methods 

By R. B. Pauw : ° . Net 
Shipping Finance and Accounts 

By R. B. Pau. ; » Net 
Shipping Office Organization, Management, 

and Accounts. By ALFRED CALVERT. . Net 
Shipping Terms and _nunece 
. DUNNAGE ; ° - Net 


INCOME TAX 
Income Tax, Introduction i 


By EB. D. Fryer, A.L.A.A. : ° « Net 
Income Tax, Notes on 

By W. S. CarrIneron, Chartered Accountant . Net 
Income Tax, Snelling’s oe 

By C. W. CuHIvEers " ~ Net 
Income Tax Relief, Double 

By H. E. Seep and A. W. RAWLINSON. . Net 
Income Tax Reliefs 

By A. W. Rawtinson, A.C.A. - Net 


Income Tax, Super-Tax, and Surtax 


The New Law Explained 
By V. Wa.ron, F.C.A., F.R.S., F.R.EcoonS. . Net 


15 


2/- 


27/6 
2/- 
2/- 
21/- 
10/6 


10/6 


3/6 
2/- 


15/- 
5/- 
2/6 
6/- 
2/6 


2/6 
3/6 
3/6 
10/6 
20/- 


78 


SECRETARIAL WORK, ETC. 


Chairman’s Manual 
By Guepon PALIN, and Ennuet Marrin, F.O.LS. Net 


Company Registrar’s Manual, The ’ 


By J. J. QUINLIVAN ' ; - Net 
Company saccplpe tiny Work 
By E. Marrim, F.C.LS . Net 


Company Secretary’ s Vade Mecum > 
reer el P. Tovey, F.0.1.8, Revised by C. W. saa 7 
A. Crt e e e i) cd * . . e 
Dictionary of Secretarial Law and Practice 
Edited by Panip Tovey, F.0.1.8. . N 
Examination Notes on Secretarial Practice 


By C. W. Apams, A.C.LS. , Net 
Formation and Management of a Private 
Company 
By F. D. Heap, B.A. : . Net 


Guide for the Company Secretary 
By ArtTHur Coues. Revised by W. CEcIL woe. 
A.C.LS. Net 
Guide to Company Secretarial Work 
By O. OtpHam, A.O.18. peu ieed by &: K. eu CENE 
A.0.1.8. (Hons.) . - Net 


nO nOraty Secretaryship 

By W. B. TuorNne . : ; . Net 
How to Take Minutes | 

Edited by E. Martin, F.C.LS. ; ; . Net 
Meetings 

By F. D. Heap, B.A. Net 


Outlines of Transfer Procedure in Connection 
with Stocks, Shares, etc. 
By F. D. Heap, B.A. (Oxon), arvister-al- Law - Net 
Practical Secretarial Work 
By Henry I. Les, A.LS.A., sia ak cas vee, 
and WiLuiam N. BARR ‘ Net 
Practical Share Transfer Work 
By F. W. Lippinaron . . Net 
Questions and Answers on Secretarial Practice 
By E. J. HamMonn. arEee ae G. K. URN ALL 
A. %, 1.8. (Hons.) r . Net 
Secretary’s Handbook 
Edited by Sir H. E. Brain, O.B.E. - Net 
Transfer of Stocks, Shares, and Other 
Marketable Securities 
By F. D. Heap, B.A. ‘ ‘ . ‘. - Net 
16 


5/- 
10/6 


3/6 
50/- 
2/6 
7/8 


6/- 


3/6 
2/6 
2/6 
5/- 


3/6 


7/6 
3/6 


7/6 
5/- 


78 


INDUSTRIAL ADMINISTRATION 


Dictionary of Industrial Administration 
Edited by J. Ler, C.B.E., M.A., M.Com.8e. Two 
Vols. : - - Net 
Employment Management _ 
Compiled and Edited by Danre, Buoomprmitp . Net 


En Toa Factory Supplies 


. J. Hiscox . . Net 
Rican Administration in Practice | 
By W. J. Hiscox . Net 
Factory Lay-Out, Planning and ‘Progress 
By W. J. Hiscox . Net 


Factory Organization 
By C. H. Norriucorr, M.A., Ph.D., O. Samipon, B.A., 
J. W. WaRDROPPER, B.Se., B.Com, sted A., and 


L. Unwick, M.A. . ‘ - Net 
Fair Wage, A By E. Barren ‘ é . Net 
Industrial Conflict 

By the Ricur Hon. Grorap N. BaRnes - Net 


Industrial Control (Applied to Manufacture) 
By F. M. Lawson, A.M.I.C.E., A.M.I.Mech.B. . Net 


Industrial Organization 


By Joun Lee, ©0.B.E.,M.A., M.Com.Sc. . Net 
Industrial Organization, The Evolution of 

By B. F. Sureips, M.A. Net 
Introduction to Industrial Administration, An 

By J. Les, C.B.E., M.A., M.Com.So, ~ Net 
Labour Organization 

By J. Cunnison, M.A... : . Net 
Lectures on Industrial Administration 

Edited by B. Muscio, M.A... . Net 


Letters to an Absentee Director 
By Joun Les, 0.B.E., M.A.,M.ComSc. . - Net 


Management 

By J. Lez, C.B.E., M.A., M.Com.Se. P . Net 
Modern Industrial Movements 

Edited by D. BLOOMFIELD . ° . Net 
New Leadership in neuen The 

By 8. A. Lewisonn ‘ . Net 


Outlines of Industrial Administration 
By R. 0. Hervorp, H. T. Hrrpaee, and H. G. 
JENKINS R ; ‘ é ‘ ‘ y et 
17 


63/- 
8/6 
5/- 
8/6 
7/6 


7/6 
2/6 


3/6 
8/6 
5/- 
10/8 
5/- 
7/8 
6/- 
5/- 
5/- 
10/6 
78 


6/- 


Industrial Administration—contd. 
ver oe of Siseegeasrat, The 
Onrrven SHELDON, - Net 


Pavia of indectrial Administration, An 
Introduction to 
By A. P. M. Fremine, ©.B.E., M.Sc., a ee 
and H. J. BRocKLEHURST, M.Eng., A.M.LE.E. Net 
Principles of Industrial Welfare 
By J. Len, C.B.E., M.A., M.0om.Se. . . - Net 


Problems of Labour 
Compiled and Edited by Danie. Bioomrirtp . Net 
Research in Industry 
the as M. Fremina, C.B.E., M.Sc., ean 
a J. G. Pearce, B.Sc., A.M.1.E.E. Net 
Sharing Profits With Employees 
By J. A. Bowrs, M.A. Net 
Time Standardization of Workshop Operations 
By T. Prrxineron, M.I.Mech.E 
Welfare Work in Industry = 


Edited by E. T. Kerry . ; ° - Net 
Workshop Committees 
By ©. G. RENotpD . ; : ; . Net 


BUSINESS ORGANIZATION AND 


MANAGEMENT 
Business Management 
By PERcIVAL WHITE ‘ ; . - Net 
Clubs and Their Management 
By F. W. Pixiny . : » Net 


Colliery Office Organization and Accounts 
By J. W. Innes, F.0.A., and T. C. Campsers, F.0.1. Net 
Commercial Management 
By 0. L. BoLtume . Net. 
Counting-House and Factory Organization 
By J. Gu.wourn WILLIAMSON. Net 
Drapery Business Organization, Management 
and Accounts. By J. Exwesr Bavizy . Net 


Filing Systems. By E. A. Corz . Net 


Flour Milling Industry, Organization and 
Management of the. By E. L. Pearson. Net 


is 


10/6 


34 
5/- 


8/6 


10/6 
10/8 
16/- 
5/- 
1/- 


15/- 
10/6 
78 
10/8 
78 


7/8 
3/6 


128 


Business Organization and Management—contd. 


Grocery Business Organization and Manage-~ 
ment. BY OTe: BESCEING. eae = 7 
Smuant * Net 


Hire-Purchase Trading 


By Ounurre L. BoLiine . ‘ ° - Net 
Hotel Organization, Management, and 
By @.,De Bom, Manage 
* steaa r, = F, oe SHARLES, 
FA. A.A,, F.C.I - Net 
How to Manage a Private Hore 
By P. Hosss . ‘ . Net 


How to Organize Bazaars, Concerts; slice. 
Exhibitions, etc. 
By F. Arrrrenp FawKEs ; ; ‘ - Net 


Ironmongery and srORmOnROrS ene 
By..S. W. Francis 


ss oa Shop Organization 
. HE. HamMonp , . Net 


once Machines, Appliances, ane Methods 
By W. Desporovas, F.C.I. Net 


Office Organization and tawalounadt 
Including Secretarial Work 
By Lawrence R. Dicksee, M.Com., F.C.A., 


and Sm H. E. Buam, ©.B.E. . ‘ ; - Net 
Organization of a = Bere! The 

By W. A. Sarre . ‘ 
Self-Organization ge aainese ies 

By Morzey Darnow, B.So.(Hons.), Lond. - Net 


Solicitor’s Office Organization, Management, 
and Accounts 


By E. A. Corps and H. W. H. Rosine ‘ - Net 
Stockbroker’s OMice, The 
By J. E. Day. - Net 


Stores Accounts and Stores Control 
By J. H. Burton . P ‘ ~ Net 
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PRION 


6/- 


10/6 


10/6 


3/6 


6/- 
3/6 


6/- 


7/6 
2/6 


5/- 


6/- 
7/6 
5/- 


MUNICIPAL WORK 


Local Government of the United Kingdom, 


and the Irish Free State The 

By J. J. Crarxe, M.A. F.S.S. ; 
Municipal Accounting Systems 

By S. Wurreneap, AS.A.A., A.O.LS, 
Municipal Audit Programmes 

By the same Autho ‘ ° ‘ ° 
Municipal Book-keeping 

By J. H. MoOatx, F.S.A.A. . 
peuotore! and ‘Local Government Law 

y H. EB. Smrrx, LL.B. ‘ 

Municipal Organization 

By M. H. Cox, LL.B... 


Municipal Student's Examination Notebook 


By S. WurrexweaD, A.S.A.A., A.CO.LS. 
Municipal Series 
Edited by WILLIAM BATESON, Sg er F.S.A.A. 


Net 
Net 
Net 
Net 
Net 
Net 


Net 


Describes the Organization and A dministration in the 


Various Departments of a Municipality. 

Principles of Organization 

By W. Barsson, A.C.A., F.S.A.A, . - 
Education Department 

By A. B. Iam, B.8ec., LL.D. . ° . 
Electricity Undertaking 

By O. L. E. Stewart, M.I.E.E. 
Finance Department 

By W. Bateson, A.C.A., F.S.A.A. 
Gas Undertaking 

By E. Upron, F.S.A.A. 
Municipal Engineer and Surveyor’ s 

Department. By BE. J. Etrorp . 

Public Health pepar cnet 

By W. A. LEONARD ‘ ° ‘ 
Rating Department 

By A. H. Agate M.A. AS.A.A. . : 
Town Clerk’s Department and the 

Justices’ Clerk’s Department 

By A. 8S. Wrieut and E. H. SINGLETON 
aesmveye partment 

By 8S. B. N. 
Waterworks Danaccn 


By F. a5 ALBAN, F.S.A.A., rer ee 4.0.1.8. 
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Net 
Net. 
Net 
Net 
Net 
Net 
Net 


Net 


Net 
Net 


Net 


PRICE 


12/6 
5/- 
38 
7/8 

10/6 
5/- 
7/8 


3/6 
7 
6 /- 
7/8 
5/- 
10/6 
6/~- 
5/- 


7/6 
6/- 
10/6 


ADVERTISING AND COMMERCIAL ART 


Sage eayevet = Copy = WwHteng 
By A. J. WATKINS Net 


Nesey Procedute. Be. O, Kumppner . Net 
ga st panoue? me pees. 


HUNTER . « Net 
a ee to Woien. 
By ©. A. Naerumr, M.A. : . » Net 
Business Man’s Guide to Advertising 
By A. BE. Buy ‘ e . Net 


Craft of Silent Saieamadahis 
By C. MaxwELL TreaurTHma and J. W. Frinas Net 


Designs, Book of 


By C. J. and L. S. Strona , ‘ - Net 

Effective Postal Publicity 

By Max RiIrrenBERG ‘ . Net 
Hints and Tips for Commercial Artists 

By BEerRNaRD J. PALMER . Net 
Language of ney or Uatne: The 

By J. B. OPDYCEE . . . - Net 
Layouts for Advertising 

By JOHN DELL F . Net 
Letter and peste, Studio Handbook. 

By 8S. WELO . - Net 
Lettering, Plain and Ornamental 

By EH. G. Fooxs : . . Net 
Modern Publicity. By A.W. Dean. . Net 
Practical Points in Postal eubhesty 

By Max RIrTrenBEeRG . « Net 
Practical Press ipeameced 

By A. L. CULYER ‘ » Net 
Ticket and Showcard Designing 

By F. A. PEARSON P » Net 
draining in Commercial Art 

By V. L. DANVERS : ‘ « Net 


T Cee T pe Faces 
Hoprinted from : “ Modern Advertising ” e 
By C. M, TREGURTHA ; - Net 


21 


15/~ 
21/- 


5/- 
21/- 
38 
5/- 
16/- 
7/8 
5/- 
15/- 
12/6 
12/6 


3/6 
2/6 


7/8 
3/6 
3/6 
21/- 


2/6 


SALESMANSHIP 


Building Retail Sales. By 0.0. Kwsoxrs . Net "S/- 
Commercial Travelling. py a. BE. Burn . Neb 3/8 


Craft of Silent Salesmanship 
By 0. Maxwe_u Tapcurrsa and J. W, Famnras Net 6/- 


Mail Order and meee ans 


By A. E. Bui > Net 7/6 
Mail Order Organization 
By P. EB, Wuson . ‘ ; - Nett 388 
Modern Sales Correspondence 
By D. M. Wirson . : . - Net 5/- 
Outline of Sales Naliaactiont An 
By C. 0. Knieuts, Sales Consultant - Net 5/- 
Personal Saleamanship 
By R. Summar, M.A. ‘ ~- Net 65§/- 
Practical Aids to Retail Selling 
By A. Epwarp HamMoND ‘ . - Net 7/6 
Practical Salesmanship 
By N. ©. Fow1sr, Junr. ‘ 5 ‘ . Net 7/6 
natuctples of nee 
By N. A. Brisco, Ph.D. : : ; ~ Net 16/- 
Psychology as a Sales Factor 
By A. J. Greeny . . Net 10/6 
Retail Salesmanship. By ©. L. Bowne . Net 7/6 
Sales Management. By C. L. Botte . Net 10/6 
Salesmanship 
By W. A. CorsBIon and G. BE. GRIMSDALE . Net 3/6 
Salesmanshi 
By Wrm114M hwais ; ; : ‘ ~ Net 5/— 
Salesmanship, pecnnrdve ~ 
By 0. C, KEnieuts . : ‘ . Net 8/- 
oes Hiteaes and Display 
» Hammond ; ~- Net 5/- 
deren Retailing. By B. N. Simon . . Net 5/- 
swine for More Sales’. 
By C. C, Knicurs, Sales Consultant ‘ - Net 5§/- 
Training for Travelling Paeues 
By F. W. SaRvussaLyt ° ‘ ~. Net 2/8 
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TRANSPORT 


Canals and Inland Waterways 
By Grorar Cappury and 8S. P. Dosps, B.A. . Net 


emer Air Transport 
y Lrevr-Con. Ivo ami CIE = F, — 
we C., A.F.R.AeS. 


sory =—_ Economics of aausore. The 
By A. W. BEDE, M.A.,, ae oom 
and A. D. Evans ‘ Net 


Industrial Traffic Management 
By G. B. LassEnDEN . : - Net 


Modern Dock Operation 
By D. Ross-JoHNnson, C.B.E., V.D., M.Inst.I. . Net 


t-te eres vd amma 
By D. R. Lams, M ‘ ; . Net 


Motor Road Transport. By J. Pansmors. Net 


Port Economics 
By B. aa are side Rigi ees 
M.Inst.C.E. 


Railway Een mcation and wneue problens 


By P. Burrr . . Net 
peels! Rates : Principles and Problems 
P. Burrr, M.Inst Net 


sia Statistics : Their Gaeaniistige and 
Use. By A. E. Kmxus, O0.B.E., M.Inst.T. . Net 


niente and Duties of eraneport padertaanee 
By H. B. Davins, M 


— ee and Road Using 


SaLgrecp, M.Inst.C.E., M.Inst.T. . . Net 
a Transport Operation} sesenger 
By R. Sruarr Pitcamre, F.R.8.E., M.Inst.T . Net 
Traders’ Rail narges bs to wate 
By J. W. Parker, A.M.In : - Net 


Transport Management, Practica 
By ANDREW HastTiz e ° . - Net 
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78 


78 


16/~ 
25/- 
6/- 
7/6 
10/6 
6/- 
10/6 
6/- 
5/- 
5/- 
7/6 
10/6 
8/6 


10/6 


LAW 


4 
Bankruptcy, Deeds of Arrangement, etc. 
By W. VALENTINE Bal, M.A., Barrister-at-Law Net 


Bills, Cheques, and Notes 


By J. A. Staten, B.A., LL.B, (Lond.).  . - Net 
Business Tenant, The 

By Epwarp S. Cox-Sinciam, and T. Hynzs, . Net 
Commercial Law of England, The 

By J. A. Stature, B.A., LL.B. (Lond.) ‘ . Net 


Companies and Company Law 

By A. ©. OonNELL, a a )s ies by W. E. 

ILKINSON, LL.D. . Net 

<Ompery Case Law 

By F. D. Heap, B.A. (Oxon) . : ' . Net 
Company Law 

By D. F. ve L’sosrx HABE, M.A., aD: and 

ERNEST EVAN Spiomr, F'.C.A. . Net 


Elements of Commercial law: The 


By A. H. Doveias, LL.B. (Lond.) . ; - Net 
Elementary Law 
By E. A. Corps. Revised by H. Cosway . - Net 


Examination Notes on Commercial Law 
By R. W. Hoituann, O.B.E., M.A., M.Sc., LL.D. . Net 


Examination Notes on Company Law 
By R. W. Hoitianpn, O.B.E., M.A., M.8c., LL.D. . Net 


Executorship Law and Accounts 
By D. F. ps L’Hoste Rankine, M.A., LL.D., 
BE. E. Sriomre, F.C.A., and E. C. PEGLER, F.C.A. Net 


Guide to Company Law 
By R. W. Hotiann, 0.B.5., M.A., M.Sc. LL.D. . Net 


Guide to Railway Law 
By Arraurn #. Caapman, M.A., LL.D. (Camb.) . Net 


Introduction to Commercial Law 
By Norman A. Wess, BSc. . , ; ‘ ‘ 


Law for Journalists 


By Cuaries Pruiey, Barrieter-ai- Law ° . Net 
Law for the House-Owner 
By A. H, Cosway . . Net 


Law of Carriage b Railway, The. In Great 
Britain and Ireland 
By L. R. Lrserr, M.A. UL.D., and T. J. 
D. ATKINSON, M.A, . ‘ ‘ ‘ - Net 
4 


12/6 
6/- 
7/8 
3/6 


6/- 
7/6 


10/- 
2/- 


2/6 
2/6 


15/- 
3/6 
7/8 
5/- 
5/- 
2/6 


50/- 


Law—contd. 
Law of Contract, The 
By 8. W. Hotianp, 0.B.E., M.A., M.S8o., LL.D. Net 


Law of Joint Stock Companies 
By W. J. Wester B bea, aces? fan Barrister- 


a-Law . . . Net 
Law of Mastex and Servant 

By F. B. Barr, LLM... Net 
Law Relating to Building saa Gontracta: 

By W. T. Cresweil, Barrister-at-Law  . - Net 
Legal Terms, rmeseces ane nppnevieGene 

By EB. A. Corn Net 


Mercantile Law 
By J. A. Statrer, B.A., LL.B. (Lond.) Revised by R. 
W. Hotwann, O.B.E., M.A., one LL.D., of 
Middle Temple . ‘ ; ° : 


Partnership Law and Aeeaits 
By.R. Ww. HOLLAND, O.B.E., M.A., M.Sc., LL.D. Net 


Principles of Marine Law 
By LAWRENCE DucKWORTH ‘4 ‘ . Net 


Questions and Answers on Coimicecil Law 
By R. W. Horiwanp, O.B.E., M.A., M.Se., LIWD. Net 


Questions and Answers on Company Law 
By G. Wriii1aM Forruns, F.S.A.A., F.C.LS. (Hons. ), and 
D. R. Marueson, M.A. (Hons.), A.S.A.A. (Hons.) Net 


netway Act, 1921, The 
By R. P. GRIFFITHS, F, C.1., F.B.E.A., Grad.Inst.T. Net 


Rights and Duties of Liquidators, Trustees, 


and Receivers, The 
By D. F. pe L’Hoste RANKING, M.A., LL.D., ERNEST 
EB lseicee, F.C.A., and Ernust C. PREGLER, F, C.A. Net 


Solicitor’s Clerk’s Guide. By E. A. Copz . Net 


Trade Mark Law and Practice 
By A. W. Grirrrrss, B.Sc. (Eng.), Lond. . Net 


Trusts : Law, Admiaistration, and Sescias 
By ©. Kurziy and J. CoLzk-HAMILTON < Net 
Wills, Executors, and Trustees 
By R. W. Hotianp, O.B.E., M.A., M.Se., LL.D, Net 
25 


the 
Net 


paion 
5/- 
78 
10/8 


3/- 


7/6 
6/- 
78 


5/~ 


5/- 


2/6 


15/- 
4/- 


10/6 
15/- 


2/6 


REFERENCE BOOKS 


Bedrock of Modern Business, The 

By James Srarpenson, M.A., M.Com., DSc. . Net 
Business Building * 

Hdited by F. F. Saanmes, F.8.A4.A., F.C.L9. 2 Vols. Net 


uae Cycles. The Problem and Its Setting 
W. C. Mrrowers 


alone Forecasting, and Ite Practical host 
cation. By W. Watiacs, M.Com. (Lond.) . Net 
Business Man’s Encyclopaedia and Dictionary 
of Commerce 
Edited by Franx Hexywoop, F.C.1.S. Two Vols. Net 
Business Man’s Guide 
Edited by J. A. Starter, B.A., LL.B. ; . Net 


Business Statistics 
By R. W. Hotuanp, O.B.E., M.A., M.Sc., LL.D. Net 


Business Terms, Phrases, etc. ; . Net 
Buying and Selling a Business 
. H. Cosway . Net 


ee and Wireless Conimunications of the 
World, The 


By F. J. ‘BROWN, C.B., C.B.E., M.A., B.Se. . Net 
Charting, Manual of _ . ; : ‘ . Net 
Charts and Graphs 

By Karu G. Karsren, B.A. (Oxon) . - Net 
Commercial Arbitrations 

By E. J. Parry, B.Sc., F.1.C., F.C.S. ‘; - Net 
Commercial Commodities 

By F. Marrnews, B.S8c., A.1.C., F.C.8.  . . Net 


Commercial Contracts. By E. J. Parry . Net 


Commercial Self-Educator 
Edited by R. W. Henan aan MA aes marr 


Two Vols. Net 
Commodities of Goaminerce 
By J. A. Suatmr, B.A., LL.B. ‘ a - Net 


Cotton World, The 
Compiled and Edited by J. A. Tobp, M.A.,B.L. . Net 
Dictionary of the World’s Commercial 
Products 
By J. A. Suarer, B.A., LLB. (Lond.) ° - Net 
26 


15/- 
42/- 
30/~ 

7/8 


42/6 
6/- 


3/6 
3/6 


3/6 


7/8 
6/- 


8 


12/6 
5/- 


30/- 
6/- 
5/- 


6/- 


Reference Books—contd. 
Discount, Commission, and Brokerage Tables 


By Ernest Heavincuam : . Net 
Guide to the Improvement of the Memory 
By the late Rev. J. H. Bacon ; ~ Not 


Handbook on Wills, A. By A. H. isiwit . Net 
How to Collect Accounts by ee 


By C. HannEerorn-Smira 4 ; . Net 
How to Grant Credit 

By Corssrrt GREIG ‘ Net 
History, Law, and Practice of the Stock 

Exchange, The. py A. P. Potzy, B.A. . Net 

Investment Principles and os 

By R. BE. Baposr, Ph.D. : , - Net 
Investor’s Manual, The 

By W. W. Watt, FS3S., F.J.1. » Net 
Mercantile Terms and Abbreviations . Net 
Money. and the Stock and Share MESTEOLS The 

By Emm Davies. Net 
Money Making in Stocks and Shares 

By Sypney A. MosELBY » Net 
Public Speaking, Essentials of 

By W. ©. DuBois, A.M., LL.B. 4 : . Net 


Raw Materials of Commerce 
In 2 vols. Edited by J. H. Vanstone, F.R.G.S. Net 


Report Writing 
By Car. G. Gaum, M.E., and Haroip F. GRAVES, me 


Romance of World Trade, The 


By A. P. Dennis, Ph.D., LL.D. ‘ ; . Net 
Shareholder’s Manual, ine 
By H. H. Bassett . ° ‘ - Net 
Speak in Public, How to 
By C. F. Carr and F. E. STEVENs . j . Net 
Statistics 


By Wri1aM VERNON Toye, Ph.D., and al! F. 
HOLTzZCcLaw, ‘ Net 
Statistics and Their Application to Commerce 
By A. L. BODDINGTON. . Net 
pes of Business Enterprise 
Bb aged . C. oe LL.B., : ; . Net 
ee 


PRICE 
1/8 


1/6 
2/6 


3/6 
3/6 
7/6 
21/- 


3/6 
1/6 


2/- 
7/8 
8/6 
40/- 


12/6 
15/- 
3/6 
3/6 


15/~ 
12/6 
21/- 


FOREIGN LANGUAGES 


FRENCH 


Progressive French Grammar 
By Ds. F. A. Hepooock, M.4., Dada. » Net 
Commercial French Grammar 
By F. W. M. Drarms, M.A., B. ds. L. é - Nets 
French-English and English-French 
Commercial Dictionary 
By F. W. Smrre_. Net 


Manual of French Commercial Correspondence 


By G. W. Macponarw . 


Correct French Speech 
By B. Dumvrmi18, M.A., F.C.P. A ‘ P 


GERMAN 


A New German Grammar 

By J. KEEGAN ’ M.A. ° a a Net. 
Commercial German Grammar 

By J. Brresui, M.A. - Net 


A New German-English and easlisns German 
Dictionary for General Use 
By F. C. Hesner and L. Hmscr. . Net 


German-English and oo German 
Commercial Dictiona 
By J. BrrTHewy, M.A. . - Net 


Commercial bteasoniane in German. Net 


SPANISH 


Spanish Commercial Crenaniae 
By C. A. ToLEDANO ‘ ° - Net 


nish-English and English- Soaniak 
Commercial Dicti ea 


5/6 
2/8 


7/6 
5/- 
1/6 


3/- 


3/6 


15/- 


16/- 


3/6 


446 


By G. R. Macponarp. Net 12/6 


sas rg of Svane* Commercial Correspondence 


. R. Macno 
28 


Foreign Languages—contd. 


ITALIAN 


Baretti’s Italian and English Dictionary 
Compiled by Guairetmo CoMELAT!I and J. DAvEEEOSE: 


eRice 


In two volumes (Reprinted) e es . Net 26/- 
Italian Commercial Sremmar 
By Loier Riccr ; . Ne @- 


Italian-English and English-Italian 
Commercial Dictionary 
By G. R. MacponaLp. : - Net 30/- 


Mercantile Coreupnadsace: English-Italian 
Net 


$/- 
PORTUGUESE 
Portuguese-English and English-Portuguese 
Commercial Dioner. 
By F. W. Smiro_ % - Net 16/- 
Mercantile Correspondence, Englich -Portu- 
guese. : ; ‘ - Neb 3 
PITMAN’S SHORTHAND 
For Compiete List of Textbooks, Phrase Books, 
Dictation Books: Reading Books, ete., see Pitman's 
“SHORTHAND AND TYFEWRIWENG CATALOGUE.” 
Pitman’s Shorthand Instructor ; . &@ 
Pitman’s Shorthand: Commercial Goines . 46 
Pitman’s Sherthand Rapid Course . . 648 
Shorter Course in Pitman’s Shorthand . Ip 
Shorthand Dictionary . . ‘ : ~ tf 
English and Shorthand Dictionary . : . 1oy- 
Shorthand Clerk’s Guide 
By V. E. Oortimer, ACLS. . ‘ : : - 2/8 
Progressive Dictator . : ; ; : . 86 
Phonographic Phrase Book . Paper 1/6, Cloth 2/~ 


TYPEWRITING — 
Pitman’s Commercial Typewriting 
By W. and E. Warigury . é : . 
Pitman’s Typewritér Manual . . . 
ag Te ER at iro 
eee Typewriting 
By the same Author ‘ : : ° ° 
Typist’s Com on, The 
y MAxwei. Ks, F.Inc.T.T., F.1.P.8. « Net 
Touch Typewriting for Teachers 
By Maxwe1. ee Sine es eet 
F.0.T.8. (Inc.) - Net 
—— Ty ewritin Exercises 
By T. J. Smaons, F.C.T.S., F.1.PS. - ° ° 
Practical Course in Touch Typewriting 
By ©. BE. Sirs é . 
Dictionary of Typewriting 
By H. Ersermce . Net 
Questions and Answers on “Typewriting and 
Office Procedure 
By ArrHur BE. Morton . . 
Royal Society of Arts Typewriting Tests 
By A. E. Morron. No. ais os aaa he No. 2, eae 
mediate; No. 8, Advanced. Each 
Mechanical Devices of the Typewriter 
By R. T. Nicnorson, M.A. Net 
Modern Typewriting and Manual of Office 
Procedure 
By A. E. Morton . 
bet and Management of a Copying Office, 


By G@. 0. Menzms . ; . Net 

Pitman’s Gramophone Method of Rhythmic 
Typewritin 

Comprises a eomplete set of specially 

eri hap records for use in the Touch 

writing Olass and a series of carefully ed 

keyboard exercises . . . ‘ ; . Net 

Exercises only : ‘ : ‘ ‘ - Hach 


Complete List post free on application. 
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PRICE 


5/- 
6/- 


2/- 
8/8 
2/-~ 


78 
1/6 
2/— 
7/8 


7/8 


2/8 
6/- 


5/6 


10/6 


$5 — 
1/6 


,, COMMON COMMODITIES AND INDUSTRIES 


Each book in crown 8vo, illustrated. &s. net. 


In each of the handbooks in this series a particular product or 
industry is treated by an expert writer and practical man of 
Beginning with the life history of the . lant, or other 
pmciisies product, he follows its pple sa ar until it becomes a 
mmercial commodity, and so on oe h the various phases 

of its sale in the market and its purchase by the consumer. 


Acids, Alkalis, and Salts, (Apia™.) Cotton Spinning, (Wapr.) 
Alcohol in Commerce and Industry. Oyole Industry, The. (Grew.) 


(Smemowns.) Drugs in Commerce. (Humruney. ) 
Alumioium. (Morrioen.) Dyes. (Hatt.) 
Anthracite. (Summxns.) Electric Lamp Industry, The. (Pxn- 
Asbestos. (Summrns.) CIVAL. ) 

ookbinding Craft and Industry. Eleotricity. (Nua.z.) 

(Harrison. ) Engraving. (Lascu.css.) 
Bocks—From the MS. to the Book- rynlosives, Modern. (Lnvy.) 

Fertilizers. (Cave.) 


Boot ustry, The. (Hann. | 
aera mote oe Film Industry, The. (Bovexxy.) 
Bread and Bread Baking. (Stewart.) Fishing Industry, The. (Gusss.) 


Brushmaker, The. (Kipp15r.) Furniture. (Binsreap.) 

Butter and Cheese. (Trsparx and Furs and the Fur Trade. (Sacus.) 
JONES.) Gas and Gas Making. (Wxpsen.) 
Button Industry, The. (Jonzs.) Glass and Glass Making. (Manson ) 
Carpets. (Bainton.) Gloves and the Glove Trade. (Exus.) 


Clays and Clay Products. (SEARLE. ) Gold. (Wuirz.) 
Clocks and Watches. (Ovxnron.) Gums and Resins. (Panry.) 


Clothing Industry, The. (Pootr.) Incandescent Lighting. (Levy ) 
Cloths and the Cloth Trade. (HunrEeR.) Ink, (Mrrovett.) 
Coal. (WirsoN.) Iron and Steel. (Hoop.) 
Coal Tar. (WanNes.) Irontoundiug. (WartEt EY.) 
Coffee—From Grower to Consumer. Jute Industry, The. (Woopnovss 
(KEABLE. ) a and Kitaour.) 
1d Making. 
(SPRINGETT. ) gay cielo (CHAMBERLAIN and 
ne nan ni ped Concrete. 5 a4, including Lead Pigments. 
(Smyvrue.) 
a ol aa the Ore to the Metal. BEY ee 
Cordage and Cordage Hemp and (Moors. ) 


bec (WoopHovse and Knu- Locks and Lock Making. (Burres.) 


Corn Trade, The British. (Bazxen.) Mateh Industry, The. (Dreon.) 
Cotton. (Pxaxx.) Meat Industry, The. (Woon.) 


$1 


Common Comonnodities wnd Industrics—contd, 


Motor Industcy, The, (Watt. ) Stones and Quarcies. (Hown.) 
Bickel. (Wurrr.) ‘ Straw Hats, (Ixwanps ) 

O8 Power. (Noxzn.) ’ (Masremav.) (Kovied by 
Otis, (Mrronecs,) “Eco ) 

Paints ani Varaishes. (Jenworas.) | Selshurand Allied Produsis, (Avexx.) 
Paper. (Mappox.) Talking Machines. (Meroset..} 
Patent, Tea, (iserzson.) 


Senckcelens, asd Semi~Secke- 
less Pools. (Guzen: and Perxc.) | Telegraphy, Telephony, and Wireless. 


Perfumery, The Raw Mateias of, | = (Foorn.) 

(PaRRy, Textilo deaching. (Srxven.) 
ea Sra {GaMBLE. ) Timber. (Boxvoox.) 
Pistinum Metals, The. Aucrs.) Tin and the te Industry, (Moxoer.) 
Player Piano, The. (Wuson.) Tobacco. (Tawxmn.} [Revised dy 
Pottery. (NoxE and Prant.} Drew) 

joe. (Dovaras.) Velvet fonng: the Corduroy Industry. 


Rubber. (Stervaws and Srxvanes.) 


Salt. (Canvenr.) Wall Paper, (Wazxp.) 


Shigaibat Weaving. (Cranxsaaw.) 
igs rng Aliscanet.) Wheat and Ms Products. (Mriiaz.) 
Silk, (Hoorss.) Wine and the Wine Trade. (Simon.) 
Silver. (Wurrs.) Wool. (Huwrzz.) 
Soap. (Summons. ) Wersted Industry, The. (Dumvnis 
@ponges. (Caxsswaiz.) and Karsxaw.) 


Starch and Starch Preducts. (Aupzn ) | Zinc and dts Allows. (Lomas } 


Technical Dictionary of Engineer and Industrial 
Science in Seven Languages: nglish, phasis 
Spanish, Italian, Portuguese, Russian, 
German. 

In four volumes, each in crown 4to, buckram gilt, 2230 pp. 
£8 88. net, complete. 
Oomyiled by Exner Saatee, M.1.E.2., M.1.Mech.E., in collab- 


oration with leading Authorities. 


PITMAN’S SHORTHAND 


Invaluable to all Business and Professional Men 





Gi Isaac Pitman & Sonn, Lid., Parker Strevt, Kingsway, London, W.0.2 
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